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The a p p lic a t io n  o f  th© e le c t r o n ic  th eo ry  o f  
v a le n c y  to  ch em ica l problems has sh ea  a new l ig h t  on 
many h ith e r to  obscure problems and has p rov id ed  th© 
in s p ir a t io n  fo r  s e v e r a l  epoch-m aking r e s e a r c h e s .
In p a r t ic u la r ,  Lowry, in  1929 , from t h e o r e t ic a l  
cons icier a t Ions based  on the above th e o r y , in trod u ced  th e  
co n cep tio n  o f  wm lxed” or  Bsem ip o la r ft double bonds The 
p o s s ib le  e x is t e n c e  o f  sem ip o lar  double bonds, r e v e a le d  
by the a p p lic a t io n  o f  the e le c t r o n ic  th e o ry  ox' v a le n c y ,  
h as been confirm ed e x p e r im e n ta lly  by two unique m ethods. 
On the one hand, Sugderi, in  1925* ax*ter d eterm in in g  the  
parachars o f  a number o f compounds c o n ta in in g  a double  
bond, showed th a t  s u b s ta n c e s , which c o u ld  be rep re sen ted  
on t h e o r e t i c a l  grounds as p o s s e s s in g  a sem ip o lar  double  
bond, gave v a lu e s  low er than th o se  c a lc u la te d  fo r  an 
ord in ary  double c o v a le n c y . On th e  o th er  hand, P h i l l ip s ,  
in  the same y e a r , d e te c te d  a new kind o f  o p t ic a l  a c t i v i t y  
In a s e r i e s  o f a n lp h in a te s  o f  the type GH^.G^H^.SO.GR.
The p resen t t h e s i s  i s  concerned w ith  fu r th e r  
r e se a r c h  on t h i s  new type o f  o p t ic a l  a c t i v i t y .  For 
in s ta n c e ,  I t  i s  now shown th a t  mixed s u lp h o x id e s , w hich,
fi vaccord in g  to  the o ld e r  fo rm u la tio n  s  0 ,  cou ld
n o t be su sp ec ted  o f  e x i s t in g  in  enan11 am orphously  
r e la t e d  form s, are capable o f  being r e s o lv e d  In to  th e ir  
o p t i c a l l y  a c t iv e  form s. Furtherm ore, a mixed  
s u lp h il im in e , O ^ .G H j . £02 .K » S.CgH^.G ^.G OQ H , an 
example o f  the new type o f  q u a d r iv a len t su lphur compound 
d isc o v e r e d  by R aper, has been shown to  e x i s t  in  
enant ioraorphously r e la t e d  forms * I t  i s  p o in ted  ou t
The" m ost.-'recent d evelop m en t o f  th e  " th e o r ie s  
d is c u s s e d  1 n  th e  t h e s i s '  la  th e  q u e s t io n  a s  to  th e  mode 
o f  a tta c h m e n t. o f : tw o u n iv a le n t  atom s pr- grou p s -when -they
r e p la c e  the- d iv a le n t  e le m e n t o r  .group a t ta c h e d  t o  a 
q u a d r iv a le n t  su lp h u r  atom b y  a sem lpoXar d o u b le  bond*  
E x p e r im e n ta l'e v id e n c e  ' i s  n o t j o t  s u f f i c i e n t l y  g r e a t  t o  . 
d eterm in e  w h eth er  fh s ': component c o v s ie n e y  and e lectro**  - 
v a le n c y  o f  th e  se m ip o la r  ..double bond  a r e  u t i l i s e d  ■ 
s e p a r a t e ly  or: w hether th e  u n iv a le n t  atom s o r  groups ' 
he come a t ta c h e d  t o  th e  su lp h u r  atom by I d e n t i c a l  v a l e n c ie s  
e a c h 'e q u a l -in  v a lu e  t o  h a l f  - a sem ipol& r d ou b le  bond., in  
o th e r  w o r d s * -b y a  sem lpoXar s i n g l e  bond« Enough d a t a ,  -
"are*-however*-: a v a i la b le  t o  g i v e ,v e r i s i m i l i t u d e  t o  th e  ■." 
id e a  o f  th #  : sem lpoXar s in g le  'bond and t o  s t im u la t e  f u r th e r  
r e s e a r c h  a lo n g  th e s e  l in e s *  ;-
su b m itted  to  th e  
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c a r r i e d  o u t  a t  B a t t e r s e a  p o l y t e c h n i c  u n d e r  t h e  
s u p e r v i s i o n  o f  D r. J .  Kenyon, t o  whom*-
a n d  t o  D r . H* P h i l l i p s ,  P . I .G # ,  t h e  a u t h o r  w ish e s  
t o  e x p r e s s  h i s  th a n k s  f o r  t h e i r  h e l p  a n d  a d v i c e .
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T h e o r ie s  o f  V a le n c y ;
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(5 ) The p arach or .
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The e x p e r i m e n t a l  p o r t i o n  o f  t h i s  t h e s i s  i s  
c o n c e rn e d  m a in ly  w i t h ; -
( a )  t h e  p r e p a r a t i o n  a n d  r e s o l u t i o n  o f  o r g a n i c  
s u l p h u r  compounds i n t o  t h e i r  o p t i c a l l y  a c t i v e  
fo rm s i n  o r d e r  t o  s u b s t a n t i a t e  e x p e r i m e n t a l l y  
d e d u c t io n s  made from  th e  m odern e l e c t r o n i c  
t h e o r i e s  o f  v a le n c y '  a s  t o  t h e  c o n s t i t u t i o n  o f  
s u c h  com pounds*;
(b )  t h e  p r e p a r a t i o n  a n d  a t t e m p t e d  r e s o l u t i o n  o f  
an  a sy m m e tr ic  h y d ro c a rb o n *
A lth o u g h  th e  u l t i m a t e  p h y s i c a l  c au se  o f  o p t i c a l  
a c t i v i t y  i s  o n ly  v a g u e ly  u n d e r s t o o d ,  a s t u d y  o f  t h e  
o p t i c a l  p r o p e r t i e s  o f  o r g a n ic  compounds may s h e d  much 
l i g h t  on th e  s t r u c t u r e  o f  m o le c u l e s .  The h i s t o r y  o f  
t h e  t h e o r y  o f  v a l e n c y  s i n c e  1870 shows t h a t  new i d e a s  
on v a l e n c y  a r e  u n i v e r s a l l y ' a c c e p t e d  when t h e y  l e a d  t o  
t h e  d i s c o v e r y  o f  a  new ty p e  o f  o p t i c a l  a c t i v i t y .
A b r i e f  a c c o u n t  o f  th e  e a r l i e r  w ork on o p t i c a l  
a c t i v i t y  w i l l  s e r v e  t o  show t h a t  i n v e s t i g a t i o n s  i n t o  th e  
phenomena o f  o p t i c a l  a c t i v i t y  gave r i s e  t o  th e  t h e o r y  o f  
t h e  t e t r a h e d r a l  a r r a n g e m e n t  o f  th e  c a rb o n  v a l e n c y  bonds 
i n  s p a c e .
B i o t ,  t h e  p i o n e e r  w o rk e r  i n  o p t i c a l  a c t i v i t y
and  s o l u t i o n s  t o  be due t o  t h e  a r r a n g e m e n t  o f  t h e  atoms 
w i t h i n  th e  m o le c u le s *  In  M l t s c h e r l l e h ,  exam in ed
t a r t a r i c  and  p a r a - t a r t a r i c  ( r a c e m ic )  a c i d s ,  and  fo u n d  
t h a t ,  a l t h o u g h  c h e m ic a l l y  t h e y  w ere i d e n t i c a l ,  o r d i n a r y  
t a r t a r i c  a d d  was d e x t r o - r o t a t o r y  w h i l s t  t h e  p a r a -  
t a r t a r i c  a c i d  was o p t i c a l l y  i n a c t i v e *  h b o u t  t e n  y e a r s  
l a t e r ,  P a s t e u r  s u c c e e d e d  i n  r e s o l v i n g  r& cem ic  a c i d  i n t o  
I t s  t iro  o p t i c a l l y  a c t i v e  com ponents by t h e  f r a c t i o n a l  
c r y s t a l l i s a t i o n  o f  sodium  ammonium r a c e m a te  a n d  s u b s e q u e n t  
m e c h a n ic a l  s e p a r a t i o n  o f  t h e  two ty p e s  o f  c r y s t a l  p r o ­
d u c e d ,  and  fo u n d  t h a t  th e  a q u e o u s  s o l u t i o n  o f  one fo rm  
r o t a t e d  t h e  p la n e  o f  p o l a r i s a t i o n  t o  t h e  r i g h t  (d )  a n d  
t h e  o t h e r  t o  th e  l e f t  {3.} • He a l s o  d ls c o v e r e d  t h a t ,  
i n  t h e  .p re s e n c e  o f  a  .mould { p e n l c i l l i u m  g lau cu m ) and  a 
p h o s p h a t e ,  a  p a r t i a l  s e p a r a t i o n  c o u ld  be e f f e c t e d  s i n c e  
th e  m ould p r e f e r e n t i a l l y  d e s t r o y e d  t h e  d -fo rra*  In  
1 8 6 2 , P a s t e u r  e l a b o r a t e d  a  t h i r d  m ethod o f  s e p a r a t i o n *
He com bined  a n  o p t i c a l l y  a c t i v e  baa© w i t h  t h e  r a c e ra ic  
a c i d  a n d  s e p a r a t e d  t h e  s a l t s  t h u s  o b t a i n e d  b y  f r a c t i o n a l  
c r y s t a l l i s a t i o n *  f h u s ,  u s i n g  d - c i n c h o n i n e  P a s t e u r  
o b t a i n e d  a m ix tu r e  o f  d - c i n c h o n in e  d - t a r t r a t ©  an d  d -  
c in c h o n ln e  l y t a r t r a t e ,  from  a  s a t u r a t e d  s o l u t i o n  o f  
w h ic h  t h e  l a t t e r  s a l t  r e a d i l y  c r y s t a l l i s e d *  The 
a l k a l o i d  was th e n  rem oved  f r o m . th e  d - c i n c h o n in e  1-  
t a r t r a t e  l e a v i n g  t h e  o p t i c a l l y  a c t i v e  a c i d *  I n  1 8 7 0 ,
W is l i c e n u s  r e s o l v e d  l a c t i c  a c i d  i n t o  i t s  o p t i c a l l y  
a c t  iv e  c om ponents and  b o th  he  a n d  Pas t e u r  con  e lu d e  d 
t h a t  a s  t h e  o p t i c a l  i s o m e rs  w ere  c h e m i c a l l y  I d e n t i c a l ,  
t h e  c au se  o f  t h e  o p t i c a l  a c t i v i t y  m ust be due t o  a
s u b s t a n c e  t o  be o p t i c a l l y  a c t i v e  i t  m u s t  p o s s e s s  an  
a sy m m e tr ic  c a rb o n  atom* w h ic h  c o u ld  be c o n s id e re d ,  t o  be 
s i t u a t e d  a t  t h e  c e n t r e  o f  a t e t r a h e d r o n  w i t h  i t s  f o u r  
v a l e n c i e s  d i r e c t e d  to w a rd s  th e  f o u r  c o r n e r s  a n d  a t t a c h e d  
t o  f o u r  d i s s i m i l a r  e le m e n t s  o r  g ro u p s  o f  e le m e n ts *  f h l s  
a r r a n g e m e n t  c o u ld  g iv e  r i s e  t o  two fo rm s w h ic h  a r e  
r e l a t e d  a s  i s  an  o b j e c t  t o  i t s  m i r r o r  im a g e ,  e *g * th e  
two fo rm s  o f  l a c t i c  a c i d  may be r e p r e s e n t e d  a s
C%H . HO^O ■
one o f  w h ic h  r o t a t e s  t h e  p la n e  o f  p o l a r i s a t i o n  t o  t h e  
r i g h t  and  t h e  o t h e r  t o  t h e  l e f t  * ■ I t  ■ was t h o u g h t /  a t
f i r s t *  t h a t  t h e  a sy m m e tr ic  c a rb o n  atom  m u st  be j o i n e d  
t o  two o t h e r  c a rb o n  atom s b u t  In  I91I4 Pope a n d  Read 
r e s o l v e d  . ■ E /  • i n t o . i t s
3  ~ ,0  ~ 01
. - S G ^ H  ■
o p t i c a l l y  a c t i v e  fo rm s by com bin ing  I t  w i t h  b r u c i n e  and  
s t r y c h n i n e *
Owing t o  t h e  r e s o l u t i o n ,  o f  1~m ethy  I - eve 1 ohe x v l -  
- Id e n o  t i c  ■ a c i d . b y  Pex*kin* Pope - and ' W a l la c h  i n  1906
. i t  i s  now; c o n s i d e r e d  more a c c u r a t e  t o  a s c r ib e -  t h e  
o b s e r v e d  o p t i c a l  a c t i v i t y  -as—feeing—due- t o  t h e  e n a n t l o -  
morphous s t r u c t u r e  o f  th e  o p t i c a l l y  a c t i v e  m o le c u le ,  1b* 
t h e  m o le c u le  p o s s e s s e s  a s t r u c t u r e  w h i c h - i s  n o n - s u p e r -
there-'-Is no c a rb o n  atom  w h ic h  can be  c a l l e d  asym m etric*
B a rk e r  and  M arsh (1 *, 1 9 1 5 » 1 0 5 » .858} "'gave a s  
th e  ' c o m p le te  c o n d i t i o n s  ■ l o r  g o o m e t r l c a i  enan  t io ra o rp h ism  s -  
( a )  n o  p la n e  o f  sym m etry  i n  t h e  m o le c u le  *
' {b} '*  c e n t r e  ' *" ; - n ” "
{ e ) 1:1' a l t e r n a t in g  a x i s  o f  sym m etry  I n  t h e  m o le c u le  .
SIMPIB  AND COMPIKX DISPERSION. .
B l o t ,  I n  t h e  f i r s t  h a l f  o f  t h e  l a s t  c e n t u r y ,  
d i v i d e d  o p t i c a l l y  a c t i v e  s u b s t a n c e s  I n t o  t h e  f o l l o w i n g  
two c l a s s e s ,
( a )  f h o s e  i n  w h ic h  th e  m ag n itu d e  o f  t h e  r o t a t i o n  o f  
th e  d i f f e r e n t  s im p le  r a y s  was r e c i p r o c a l  t o  t h e  
s q u a re  o f  t h e  wave l e n g t h .
(b )  T hose  w h ic h  d i d  n o t  obey  t h e  i n v e r s e  s q u a r e  law*, 
e . g .  t a r t a r i c  a c i d ,  th e  r o t a t o r y  pow er o f  t h e  
a c t i v e . f o r m s  of..w h ich  I n c r e a s e d  i n  c e r t a i n  p a r t s  
o f  th e  s p e c t ru m  w i t h  i n c r e a s i n g  wave l e n g t h .
Many, a t t e m p t s  h av e  b e e n  made t o  o b t a i n  a  
d i s p e r s i o n  e q u a t i o n  t o  r e p r e s e n t  a c c u r a t e l y  t h e  b e h a v io u r  
o f  o p t i c a l l y  a c t i v e  s u b s t a n c e s  o v e r  a s  w ide  a  r a n g e  o f  
t h e  s p e c t ru m  a s  c o u ld  be o b s e r v e d .  The b e s t ,  s o  f a r ,  
i s  t h a t  o f  C ru d e ,  who d e d u ce d  m a t h e m a t i c a l l y ,  i n  1898 , 
t h e  e q u a t i o n
-corresponding.-.to  th e  f r e q u e n c y  
a t  w h ich  th e  s u b s ta n c e  i s  
a b s o l v in g  e n e r g y .
T h ere  l a  one te rm  i n  t h i s  e q u a t i o n  f o r  e a c h  
a sy m m e tr ic  c e n t r e .  I f  t h e  o p t i c a l  r o t a t o r y  power o f  a 
s u b s ta n c e  f o r  l i g h t  o f  any  w a v e -le n g th  can  be e x p r e s s e d  
by  a  Drude e q u a t i o n  o f  one t e r m ,  t h e  s u b s ta n c e  i s  s a i d  
t o  show s im p le  r o t a t o r y  d i s p e r s i v e  power; ■ s h o u ld  tw o o r  
more te rm s  be r e q u i r e d  t o  p r e d i c t  a c c u r a t e l y  th e  r o t a t o r y  
•power o f  a  s u b s t a n c e  f o r  . l i g h t  o f  a n y  d e s i r e d  wave l e n g t h  
t h e  s u b s t a n c e  I s  s a i d  t o  e x h i b i t  com plex  r o ta t o r y  d i s ­
p e r s i o n .  ( lo w ry  a n d  D ic k so n ,  T ra n s  . F a r a d a y  S o c «» 19 IJ4,
£ 2 » . 9 6 *>
4  ro u g h  p r a c t i c a l  m ethod  o f  d e c i d i n g  w h e th e r  
t h e  d i s p e r s i o n  o f  a s u b s ta n c e  i s  s t a p l e  o r  com plex  
c o n s i s t s  i n  d e t e r m i n i n g  th e  r o t a t o r y  power f o r  l i g h t  o f  
s e v e r a l  d i f f e r e n t  w a v e - l e n g th s  and  p l o t t i n g  a  g r a p h
i _
show ing  t h e  r e l a t i o n s h i p  be tw een  a n d  A . I f  a  
s t r a i g h t  l i n e  can  be draw n th r o u g h  th© p o i n t s  o b t a i n e d  
t h e  d i s p e r s i v e  power o f  th e  s u b s ta n c e  i s  p r o b a b l y  s i m p l e .  
T h is  m e th o d , h ow ever, i s  n o t  s u f f i c i e n t l y  a c c u r a t e  t o  
d e t e c t  t h e  s m a l l  d e v i a t i o n s  w hich o f t e n - o c c u r .  I f  a 
s t r a i g h t  l i n e  i s  i n d i c a t e d  t h e  c o n c l u s i o n  s h o u ld  alw ays  
be c o n f i rm e d  b y  a  d e te r m in a tio n  o f  t h e  v a l u e s  o f  k Q and  
A0 f ro m  a n y  two o f  th e  r o t a t o r y  pow ers  o b s e r v e d ;  th e  
v a l u e s  o f  th e  c o n s t a n t s  may t h e n  be s u b s t i t u t e d  In t h e  
Drude e q u a t i o n ,  f ro m  w h ich  t h e  r o t a t o r y  pow ers f o r  a l l  
th e  o t h e r  wave l e n g t h s  can  be c a l c u l a t e d .  I f  these- a g r e e  
c l o s e l y  w i t h  th e  o b s e r v e d  v a lu e s  I t  may be c o n c lu d e d  t h a t  
t h e  s u b s t a n c e  e x h i b i t s  s im p le  r o t a t o r y  d i s p e r s i o n .
fh e  ' r e s e a r c h e s  o f  Pope ana . m s  p a p i i s  a iw ig  u«s»o
w i l l  n o n .b e  c o n s i d e r e d .
0a
Am H i s t o r i c a l  A ccount*
A p p l i c a t i o n  o f  t h e  n ew er e l e c t r o n i c  t h e o r i e s  
o f  v a le n c y *
Am THE 1 0 HK OP POPE, gBACHEY,, and SMILES*
A t t e n t i o n  h a s  a l r e a d y  been  draw n t o  t h e  f a c t  
t h a t  a compound c o n ta in i n g  an a sy m m e tr ic  c a rb o n  atom 
q , a ,  b ,  s ,  d , may e x i s t  i n  two o p t i c a l l y  a c t i v e  i s o m e r ic  
fo rm s*  The r e se a r c h e s  o f fop© a n d  o t h e r s  i n  t h e  e a r l y  
p a r t  o f  t h e  c e n t u r y  h a v e  p ro v e d  t h a t  compounds c o n t a i n i n g  
o t h e r  q u a d r i v a l e n t  a tom s s u c h  as s u l p h u r ,  s e l e n iu m  a n d  
t i n  a t t a c h e d  t o  f o u r  d i f f e r e n t  u n i v a l e n t  r a d i c a l s  a l s o  
e x i s t  i n  o p t i c a l l y  a c t iv e  i s o m e r i c  form s*
S u lp h u r  compounds (Pope and P e a ch e y , J . ,  1 9 00 , J 2 , 107 2*) 
The s u l p h u r  compounds s e l e c t e d  were d e r i v a t i v e s ,  
o f  m e t h y l e t h y l t h e t i n e  b rom ide  CH-* . .CHo. 00oH
c2 h 5 ^  Br
w h ic h  w ere  r e s o l v e d  i n t o  t h e i r  o p t i c a l l y  a c t i v e  com ponents 
by  means o f  camphor s u lp h o n ic  a c id *  The s p a r i n g l y  s o l u b l e  
d -c a m p h o rs u lp h o n a te  m e l t e d  a t  118° ~ 12q°  a n d  h ad  a 
m o le c u la r  r o t a t i o n  Qm J  ^  + 6 8 ° *  The r o t a t i o n  f o r  th e  
c a m p h o rsu lp h o n a te  io n  was ' t '5 1 # 7 °  and  t h i s  gave a  r o t a ­
t i o n  o f  +  16 *5° f o r  - t h e  t h e  t i n e  ion*
The c o r r e s p o n d in g  p l a t i n i c h l o r i d e  (S .M e .E t .C l*  
GX-Ia / 0o2 H)a , f t *01*^ h a d  a m o le c u la r  r o t a t i o n  o f  -HJO*90 
The form ula * Go^H
Br
was g iv e n  t o  me t h y l e t h y l t h e  t i n e  b rom ide  a n d  th e  a u th o r s  
c o n c lu d e d  t h a t  th e  asym m etry  o f  t h e i r  compounds w.as
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e q u a l v a lu e  *
Oft
Kl \ c < ^ V  r 1 \ s ^ r 5
%  E2  %
S e le n iu m  compounds o f  a n a lo g o u s  c o m p o s i t io n  were r e s o l v e d
b y  Pop® and He v i l l a  ( J  * v  19 02 /  Bl * 1052) and  f o r m u la t e d  
i n  a  s i m i l a r  m anner t o  tr ie  s u lp h u r  com pounds.
S m i le s  ( j . ,  19 00 , 2 I»  H7J4) o b t a i n e d  m e th y l -  
e t h y l p h e n y l a c y l s u l p h i n e  brom ide (from , m e t h y l e t h y l -  
su lp h i& e  and brom oace t o  jibe n o n e ) ' Me <. . CK?*G0 ♦GgHj
: E t ' ' " ;  B r .
i n  o p t i c a l l y  a c t i v e  m o d i f i c a t i o n s  by  a  s i m i l a r  p ro c e s s *  
S m i le s  a d o p te d  P o p e’s -v ie w  c o n c e rn in g  th e  o p t i c a l  a c t i v i t y  
o f  th e  s u l p h i n e s *
Y/erner . {wL eh rb u eh  d e r  S t e r e o c h e m ie ” , l^olj., p*3 1 7 ) 
p u t  f o r w a r d  th e  i d e a  t h a t  t h e  f o u r t h  v a l e n c y  o f  t h e  
q u a d r i v a l e n t  s u l p h u r  atom  i n  th© t h e t i n e s  and  s u l p h i n e s  
was d i f f e r e n t  f rom  th e  o t h e r  t h r e e *  lie d rew  a s h a r p  
0 .  d i s t i n c t i o n  be tw een  th e  o p t i c a l  a c t i v i t y  o f  q u a d r i v a l e n t
c a r b o n  a n d  t h a t  o f  q u a d r i v a l e n t  s u l p h u r  and s u g g e s t e d  
t h a t  i n  th e  l a t t e r  c a se  th e  s u l p h u r  atom  an d  t h r e e  d i s ­
s i m i l a r  atoms o r  g ro u p s  were s i t u a t e d  a t  t h e  c o r n e r s  o f  
a  t e t r a h e d r o n  a n d  t h a t  t h e  f o u r t h  a tom  o r  g ro u p  was c o -  
ox* d i n a t e d  w i t h  th e  s u l p h u r  atom*
One o f  t h e  o b j e c t s  o f  t h i s  t h e s i s  i s  t o  
s u b s t a n t i a t e  e x p e r i m e n t a l l y  t h o s e  t h e o r e t i c a l  v iew s 
w h ic h  have  b e en  a d v a n c e d ,  n a m e ly ,  t h a t  when an a tom  o f  
q u a d r i v a l e n t  s u l p h u r  i s  u n i t e d  t o  t h r e e  e le m e n t s  o r
g ro u p s  o f  e l e m e n t s ,  t h r e e  v a le n c y  bonds o f  q u a d r i v a l e n t
• •
s u l p h u r  a r e  e q u i v a l e n t  and  ar© d i r e c t e d  a lo n g  th e  ed g es
*
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t h e  m o d e rn . c o n c e p t io n s  o r  t h e  s t r u c t u r e  o r  t n e  a tom , a n a  
t h e  e l e c t r o n i c  t h e o r i e s  o f  v a le n c y  to w h io h  t h e y  have  g i v e n  
r i s e  *
B. APPLICATION OF THB HKWBE EIEOTEOHXO THEORIES OF VALBHGY*
( 1 ) The S t r u c t u r e  o f  t h e  Atom. A c c o rd in g  t o  modern* * <waawt<aay-«a»’'.»wl.Kmr»w*-.n»n>i‘i.» »»w 'u<w»i»n .«*». nu *<» a»«in».   '
v iew s  a n e u t r a l  atom i s  composed o f  a c e n t r a l  n u c le u s  
w i t h  a p o s i t i v e  ch arge  e q u a l  t o  XI, t h e  a to m ic  number, 
a ro u n d  w h ic h  a  g ro u p  of II e l e c t r o n s  i s  s i t u a t e d *
In  1916 , Lewis and Kos.ee 1 , i n d e p e n d e n t l y ,  
d e v e lo p e d  ,t h e  , id e a ,  t h a t  th e  e l e c t r o n s  o f  t h e  i n e r t  g a s e s  
a r e  a r r a n g e d  i n  an  e x c e e d i n g ly  s t a b l e  way and, t h a t  th e  , 
c h e m ic a l  p r o p e r t i e s  o f  o t h e r  atom s a re  e x p l a i n e d  b y  t h e i r  
d e s i r e  t o  a t t a i n  t h i s  s t a b l e  a r r a n g e m e n t  by  th e  g i v i n g  o r  
t a k i n g  u p  o f  e l e c t r o n s *  : I t  i s  assum ed t h a t  t h i s  can  
o c c u r  i n  two ways:--, e i t h e r  b y  t h e  c o m p le te  t r a n s f e r e n c e  
o f  one o r  more e l e c t r o n s  from  one a tom  t o  a n o t h e r ,  when 
th e  r e s u l t i n g  o h a rg e d  atom s o r  io n s  a r e  h e l d  t o g e t h e r  b y  
t h e  e l e c t r o s t a t i c  a t t r a c t i o n  o f  t h e i r  c h a r g e s  ( i o n i s e d  
o r  p o l a r  l i n k s ,  e l e c t r o v a l e n c i e s ) 5 o r  by th e  s h a r i n g  o f  
e l e c t r o n s  be tw een  tw o a to m s ,  two s h a r e d  e l e c t r o n s  fo rm in g  
a l i n k  ( n o n - p o l a r  l i n k s ,  c o - v a l e n c i e s } *  i n  t h e  m a j o r i t y  
o f  compounds s t a b i l i t y  i s  a t t a i n e d  when t h i s  r e * d i s t r i b u t i o n  
g iv e s  e a c h  atom a n  o u t e r  g ro u p  o f  e i g h t  ( l e s s  o f t e n  two 
o r  e i g h t e e n )  e l e c t r o n s *  \ T h u s ;*
H e liu m  (a to m ic  num ber 2 ) h a s  2 e l e c t r o n s  i n  i t s  o u t e r  s h e l l *  
He on ( « « 10) « 2  +  8 « " «
A rgon { t! w 1 6 ) n 2  t 8 t 8  « "
K r y p to n ( ,f n $ 6 ) n 2  f  8 -f - lS - tB  w
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T here  a r e  s e w n  p e r i o d s  I n  th e  p e r i o d i c  c l a s s i f i c a t i o n : - *
( 1 ) H, He*
(2 ) X I  t o  F ,  He * l i g h t  e le m e n ts  w i t h  a r e g u l a r  p r o g r e s s i o n
o f  p r o p e r t i e s  from  m e t a l l i c  t o  n o n - m e t a l l i e  and  
e n d in g  w i t h  an i n e r t  g a s .
( J )  Ha t o  C l ,  A* S i m i l a r *  |
(l^) K t o  B r ,  Sr#  : 18 e le m e n ts*  - :
(5 )  Hb t o  I ,  X* ■ 18 ' 11; ■
(6 )  Qs t o  Em. J 2  M
( ? )  5 r a d i o a c t i v e  e l e m e n t s •
T h is  t h e s i s  i s  c h i e f l y  c o n c e rn e d  w i t h  g ro u p s  (2 ) and  ( 3 )*
I n  g ro u p  (2 ) L i t o  F ,  He *
L i {a tom ic number 3 ) h a s 2 +  1 e l e c t ]
Be ( tt ti ii> it 2 + 2 it
B ( M « 5) it 2 + 5 ti
0 ( « 6) ti 2 ■+ If
H { tt 7) 0 2 +■ 5 I*
0 ( ** ** 8) tt 2 +  6 it
F ( It » 9) it 2 +  7 «
He ( II « 10) n 2 + 8 ti
Xn t h e  c a se  o f  a  c a r b o n .compound
,Rj,
Bo
t h e  e l e c t r o n i c  c o n f i g u r a t i o n  o f  t h e  m o le c u le  i s  q u i t e  
e a s i l y  d e d u c e d .  The n e u t r a l  c a rb o n  atom  p o s s e s s e s  f o u r  
v a le n c y  e l e c t r o n s ,  i n  i t s  o u t e r  s h e l l  a n d  I t  i s  a b le  t o  
g i v e  one o f  t h e s e  t o  be s h a r e d  w i t h  one from  e a c h  o f  t h e  
f o u r  m o n o v a len t  g ro u p s  w i t h  w h ich  i t  u n i t e s *  In  t h i s
10
* *
k5 ;
These c o n s i d e r a t i o n s  o f  v a le n c y  f ro m  th e  s t a n d p o i n t  o f  
th e  e l e c t r o n i c  t h e o r y  can  a l s o  he a p p l i e d  t o  compounds 
o f  c a rb o n  i n  w h ich  t h e  c e n t r a l  atom i s .  a ttach ed , t o  t h r e e  
g ro u p s  one o f  w h ic h  i s  u n i t e d  by a d o u b le  b o n d . The 
f o r m u l a t i o n  o f  k e to n e s  o f  th e  ty p e  v  q s  q i s  a s  
f o l lo w s : * "  foul*' c o -v a le n c y  bonds a re
p ro d u c e d  b y  th e  s h a r i n g  o f  d u p l e t s  o f  e l e c t r o n s  and  th e  
oxygen i s  u n i t e d  t o  th e  c a rb o n  by  tw;o c o v a le n c y  bonds .
Ri  . ' .
U C b
W  ‘ • -  :
The e l e c t r o n s  o f  th e  members o f  th e  s u l p h u r  
g ro u p  a r e  a r r a n g e d  as  f o l l o w s ; *  .
1  lam en t  Atomic Humber - E l e c t r o n s
(2) 6.
(2 ) ( 8 ) 6 .
(2 ) {8 ) ( 18) 6 .
(2) (8) (18) (18) 6
C r. 21; (2 )  (8 )  (8  +  5) 1 .
. t t ,L_ | , . . in l i!
I t  w i l l  be s e e n  t h a t  i n  t h e  c a se  of oxygen , 
s u lp h u r *  s e le n iu m  and  t e l l u r i u m  t h e r e  a r e  s i x  v a l e n c y  !
e l e c t r o n s  i n  th e  o u t e r  s h e l l *  th e  I n n e r  s h e l l  (o r  s h e l l s )  
b e in g  com ple te*
A c c o rd in g  t o  S id g w ie k ,  chromium h a s  s i x  
e l e c t r o n s  w h ich  may be u s e d  f o r  v a l e n c y  p u r p o s e s ,  b u t  j
some o f  them may be o r  awn i n t o  th e  p r e c e d i n g  g ro u p  w h ich  I!
O 8
s 16
s o  5U
Te . 52
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th e  o c t e t  b y - t r a n s f e r e n c e  o r  s h a r i n g .  T h u s : -
S  £ (2 ) (6 )  (8 )  {a rgon  n u m b e r ) .
H -* S *- H * (2 )  (8 )  ( s h a r e d  e l e c t r o n s  u n d e r l i n e d )  .
I f  chromium b e h a v e d  i n  t h e  same way we s h o u ld  g e t  
.. C r ; -  . « - (2) (8 )  (8 )  ' (8 )
R -  o r  -  R (2 ) . ( 8 ) ■ CB) (U 4 i)
T hese  a r e  b o th  i m p o s s i b l e ,  b e c a u se  th e  u n s h a r e d  e l e c t r o n s
s t i l l  i n  th e  f o u r t h  g ro u p  w ould  be draw n I n t o  t h e  t h i r d  
and th e  s t a b i l i t y  o f  th e  o c t e t  w ould  th u s  be d e s t r o y e d .
T h is  m ust o b i i e u s l y  h a p p en  so  lo n g  a s  any  u n s h a r e d  v a le n c y  
e l e c t r o n s  r e m a in  to  the  chrom ium. A r e a l  a n a l o g y  b e tw een  
chromium and  s u l p h u r . w i l l  o n ly  be fo u n d  when a l l  th e  s i x  
v a l e n c y  e l e c t r o n s  a r e  s h a re d *  T h is  h a p p e n s  i n  th e  c a se  
o f  s u l p h u r ,  w i t h  s u l p h u r i c  a c i d  In  t h e  a n io n  o f  w h ich  th e
■ •■"•"-V '• V:
s u l p h u r  h as  c o m p le te d  i t s  o c t e t  by  t a k i n g  u p  tw o  e l e c t r o n s  
f ro m  th e  h y d ro g e n  atom s and  s h a r e s  a l l  t h e s e  e i g h t  e l e c t r o n s  
w i t h  f o u r  . oxygen alarms. .
* *
: 0 : v
: 0 : s  ; 0 :
‘ 0 ‘
s o  t h a t  t h e  w hole  o c t e t  o f  th e  s u l p h u r  i s  s h a r e d .  The 
- ? • • 
chromium a n a lo g u e  t o  t h i s  i s  q u i t e  s t a b l e ,  b e i n g  "in f a c t
th e  ch ro m a te  io n
% 4
: G :
*■* * * * *
: o : Cr : o :
* *. ♦ ** «
: 0 :
1 * *
The chromium h e r e  h a s  i n c r e a s e d  i t s  tw e n ty  f o u r  o r i g i n a l  
e l e c t r o n s  to  tw e n ty  s i x ,  o f  w h ic h  e i g h t  a r e  s h a r e d ,  
g i v i n g  (2 ) (8 )  (8 )  (8 )  l e a v i n g  no  u n s h a r e d  e l e c t r o n s  i n
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e . g .  Chromous io n  Or* 22 ~ (2 )  (8 )  ( 1 2 ) .
Chrom ic io n  G r**  21  ~ (2 ) (8 )  ( X I ) .
from  Or 2 l | ,  where t h e  w ork o f  rem ov ing  t h e s e  e l e c t r o n s  
i s  o f  t h e  same o r d e r :■ as .the e n e rg y  o f  c h e m ic a l  r e a c t i o n s ,  
ho  a n a lo g o u s  c a t i o n s  can foe fo rm ed  by  s u l p h u r ,  b e c a u s e ,  
t h e r e ,  a l l  th e  v a l e n c y  e l e c t r o n s  m ust r e m a in  i n  t h e  o u t e r  
gx^oup a n d  i f  t h i s  i s  l e s s  , t h a n  e i g h t  i t  i s  v e r y  u n s t a b l e .
The r e a d i n e s s  w i t h  w h ich  th e  o r g a n ic  s u l p h i d e s  
ax^e o x i d i s e d  and. t h e  e a se  w i t h  w hich t h e y  y i e l d  a d d i t i o n  
compounds was t^e x p l a i n e d ,, a c c o r d i n g  t o  t h e  o l d e r  t h e o r i e s  
o f  v a l e n c y  by  th e  r e a d i n e s s  w i t h  w h ic h  th e  s u l p h u r  p a s s e s  
from  t h e  d i -  t o  th e  t e t r a *  o r  h e x a v a l e n t  s t a t e ;  f o r  
e x a m p le ; - -  ;
EX v. R x  ^  ^  Br
S ‘ +  -Br^
. Bp ^  ^  p ^  ^  Br
The su lp h o x id e s  a r e ;*  
%
<n %
O - 0
t h e  s u lp h o n e s  a r e :*
\  %  ■ R , ■ ^  0
o r  1 s  I 
R2 ^  ^ 0  K2 - ^  o
(2 ) The S e m i - p o la r  Double B ond. . . , . ...
A c c o rd in g  t o  th e  o l d e r  t h e o r i e s  o f  v a le n c y  th e
k e to n e s  and  s u lp h o x id e s  were f o r m u l a t e d  i n  a s i m i l a r  m anners
RX .  / ..Kj.
c = o ; > s  = o
r 2  ^  •
The a p p l i c a t i o n  o f  th e  e l e c t r o n i c  th e o r y  s u g g e s t s  th a t  th e  
tw o c l a s s e s  o f  compounds may foe s t r u c t u r a l l y  d i s s i m i l a r  
and  p r e d i c t i o n s  b a s e d  on th e  e l e c t r o n i c  f o r m u l a t i o n  o f
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e l e c t r o n s  in  I t s  o u te r m o s t  s h e l l  and th e  c o n f i g u r a t i o n  o f
an o r g a n i c  s u lp h id e  may be deduced  i n  a s i m i l a r  m anner t o  
t h a t  o f  t h e  c a rb o n  compound (page  /■/ ) .
I t  i s  e v i d e n t  t h a t  i f  t h e  s u l p h u r  a tom  i s  u n i t e d  t o  two 
m o n o v a le n t  g ro u p s  and  Rg i t  i s  a lr e a d y  i n  p o s s e s s i o n  
o f  i t s  f u l l  com plem ent o f  e l e c t r o n s • i f  an  a t t e m p t  be 
made t o  f o r m u la te  a compound c o n t a i n i n g  a q u a d r i v a l e n t  
su lp h u r  atom on th e  same l i n e s  a s  th e  k e to n e  ( s e e  page .
U  ) t h e  s u l p h u r  a tom  i s  l e f t  w i t h  a s u r p l u s  o f  e l e c t r o n s  
( t e n  i n s t e a d  o f  e i g h t )  a s  shown b e lo w .
I t  i s  th e r e fo r e  n e c e s s a r y  t o  c o n c lu d e  th a t#  when a s u l p h u r  
a tom  i s  u n i t e d  t o  two m o n o v a le n t  e le m e n ts  o r  groups and
c o m p le te  o c t e t  o f  e l e c t r o n s ,  a n y  furthex*  u n io n  e f f e c t e d  
w i t h  o t h e r  e le m e n ts  m ust be a c c o m p l i s h e d  w i t h o u t  t h e  
a d d i t i o n  o f  more e l e c t r o n s  t o  th e  v a l e n c y  s h e l l  o f  t h e  
s u l p h u r  a to m . T h is  can  be done i f  t h e  s u l p h u r  atom  
c o n t r i b u t e s  b o t h  e l e c t r o n s  t o  t h e  d u p l e t  by  w h ic h  th e  
a tom s a r e  j o i n e d ,  th u s
Rp b y  c o - v a l e n c i e s  ( a s  i n  o r g a n ic  s u l p h i d e s )  a n d  h a s  a
c h ap g e & and t h a t  th e  su  1 phur a tom , w h ic h  h a s  v i r t u a l l y
l o s t  an e l e c t r o n  o r  a  h a l f  s h a r e  o f  two e l e c t r o n s ,  w i l l
be p o s i t i v e l y  c h a rg ed *  (The e l e c t r o n  w i t h  a c i r c l e
r o u n d  i t  i n  th e  fo rm u la  r e p r e s e n t s  t h e  s u l p h u r  e l e c t r o n
w h ich  v i r t u a l l y  be come s an  oxygen e l e  c t r  o n ) .  A do u b le
bond i s  p r e s e n t ,  b u t  i t  c o n s i s t s  o f  one c o v a le n c y  an d  one
e l e c t r o v a l e n c y  and  i s  te rm e d  a ^ s e m l p o l a r * 1 d o u b le  bond*
The l i n k i n g  common in  c a rb o n  compounds w h ic h  c o n s i s t s
o f  two e o v a l e n c i e s  i s  c a l l e d  a  n o n - p o l a r  d o u b le  bond*
T h is  h a s  b e en  shown t o  e x i s t  i n  k e to n e s *  I t  I s  o b v io u s ,
t h e r e f o r e ,  t h a t  s u lp h o x id e s  c a n n o t  have  t h e  k e t o n i c  ,
s t r u c t u r e  T h is  d e d u c t io n  I s  am ply
^  >  S •  0 - " ■
s u b s t a n t i a t e d  e x p e r i m e n t a l l y  a s  t h e  s u l p h o x i d e s  do n o t
*
show? any  o f  th e  c h a r a c t e r i s t i c  p r o p e r t i e s  o f  k e t o n e s .
F o r  e x a m p le s -
( a )  t h e y  do  n o t  co n d en se  w i t h  h y d ro x y la m in e  o r  w i t h
p h e n y lh y d r & s in e .
(b )  t h e y  c a n n o t  be r e d u c e d  t o  compounds a n a lo g o u s  t o
s e c o n d a ry  a l c o h o l s *
(c )  t h e y  a r e  b a s i c s  many s u lp h o x id e s  g iv e
c r y s t a l l i n e  a d d i t i o n  compounds w i t h  n i t r i c  a c i d .  
A t h i r d  ty p e  o f  d o u b le  bond o c c u r s  i n  i o n i s a b l e  compounds 
su c h  a s  c a lc iu m  s u l p h i d e ,  In  w h ich  t h e  a tom s a r e  u n i t e d  
by  two e l e c t r o v a l e n c y  bonds*  In  t h i s  compound th e  
c a lc iu m  atom  g iv e s  u p  t h e  two e l e c t r o n s  i n  I t s  o u t e r  
s h e l l  t o  c o m p le te  t h e  o c t e t  o f  th e  s u l p h u r  a tom  w h ich  
i n  t h e  n e u t r a l  c o n d i t i o n  h a s  o n ly  s i x  v a l e n c y  e l e c t r o n s  
i n  i t s  o u te r m o s t  v a l e n c y  s h e l l -  By s o  d o in g  th e  c a lc iu m
g a in s  two p o s i t i v e  c h a rg e s  and Im p a r ts  two n e g a t i v e
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The -p o s s ib le  e x i s t e n c e ■o f  s e m ip o la r  d o u b le  b o n d s ,  
r e v e a le d  by  th e  a p p l i c a t i o n  o f  t h e  e l e c t r o n i c  t h e o r i e s  
o f  v a le n c y ,  h a s  b e en  c o n f i rm e d  e x p e r im e n ta lly  by two 
u n iq u e  m e th o d s .  The f i r s t  m ethod  d e p en d s  upon  Sugden*s 
c o r r e l a t i o n  o f  c h e m ic a l  c o n s t i t u t i o n  w i t h  d e n s i t y  an d  
s u r f a c e  t e n s io n *  The se c o n d  m ethod a r i s e s  f ro m  th e  
d e d u c t io n  t h a t  i f  a  compound o f  q u a d r iv a le n t  s u l p h u r ,  
su c h 'a s  a m ixed s u l p h o x i d e ,  c o n t a i n s  a  s e m ip o la r  d o u b le  
b o n d ,  th e n  i t  do es  n o t  p o s s e s s  a  p la n e  o f  sym m etry  and  
s h o u l d  t h e r e f o r e  e x i s t  i n  e n a n t io r a o rp h o u s ly  r e la t e d  fo rm s *
( p } The p a r a c h o r  and  th e  E l e c t r o n i c  T h e o ry  o f  V a le n c y . 
Sugden  ( J * ,  1$2 5 , 1 2 5 , 1 1 7 7 ) by  a m o d i f i c a t i o n  
o f  M acleoel1© r e l a t i o n  y  •  c (D -* &)^
where Y  s  s u r f a c e  t e n s io n *
11 D ~ d e n s i t y  o f  l i q u i d )  a t  one
■ ) - -
n d ~ ** n v a p o u r )  t e m p e r a tu r e
h a s  o b t a i n e d  th e  e x p r e s s i o n
M' . JkF * V ^
( D - d . )
if
w here  M s  m o le c u la r  w e i g h t ,  and — -----*— — c o r r e s p o n d s  .
{!> * d )
t o  th e  m o lec u la r .’volume a t  low t e m p e r a t u r e s ,  when d i s  
sm a l l*  Hence a  co m p a r iso n  o f  P f o r  d i f f e r e n t  s u b s t a n c e s  
I s  a co m p a r iso n  o f  m o le c u la r  volum es a t  t e m p e r a t u r e s  a t  
w h ich  th© l i q u i d s  h av e  th e  same s u r f a c e  t e n s i o n .  The 
c o n s t a n t  P h a s  b e e n  named th e  ” p a rach o r* 1 b y  S u g d e n ,  and 
i t  i s  a  f u n c t i o n  w h ic h  can  be c a l c u l a t e d  w i t h  c e r t a i n t y  
f o r  a  compound o f  g iv e n  c o m p o s i t io n ,  w i t h o u t  b e in g  
a f f e c t e d  t o  a n y  m arked  e x t e n t  by th e  p h y s i c a l  c o n d i t i o n s  
u n d e r  w h ic h  th e  m easu rem en ts  a r e  made* A s i n g l e  c o n s t a n t
e v a l u a t e d  was t a e  e f f e c t  o f  a  do u b le  b o n d , w h ich  was 
fo u n d  to  add  2 J  *2 u n i t s  t o  th e  m o le c u la r  p a ra c h o r*  The 
ty p e  o f  d o u b le  l in k in g  t o  w h ic h  t h i s  a p p l i e d  was t h a t  
b e tw ee n  c a rb o n  and c a rb o n  a s  i n  e t h y l e n e ,  and  c a rb o n  and  
o x y g en , a a in  k eton es* -' A number o f  ■ compounds o f  s u lp h u r  
were i n v e s t i g a t e d  ( J * ,  1 9 2 5 , '1 2 ? ,  1525) an d " severa l"  ' 
anom alous c a s e s  were found  . in  w h ic h -th e  p r e s e n c e  o f  a 
d o u b le  bond b e tw e e n  th e  s u l p h u r  a n d ' oxygen -atoms a p p e a re d  
t o  h av e  l i t t l e  e f f e c t  on th e  p a r a c h o r .  The a c c u m u la te d  
d a t a  p r o v id e d  d e f i n i t e  e x p e r im e n ta l e v id e n c e  o f  th e  
e x i s t e n c e  of two k in d s  o f  d o u b le  b o n d s ,  one common in  
c a r b o n  compounds w h ich  c a u s e d  an  I n c r e a s e  - i n  th e  p a r a c h o r  
o f  25*2 u n i t s ,  and  a n o th e r  p r e s e n t  i n  d e r i v a t i v e s  o f  t h e  
o x y a c id s  o f  s u l p h u r ,  w h ic h  lo w e re d  th e  m o le c u la r  p a ra c h o r  
by 1*6 u n i t s  ©*g* t h i o n y l  c h l o r i d e ,  s u l p h u r y !  c h l o r i d e ,  
e t h y l  e th a n e su lp h b n a te , dime th y  1 s u lp h a  te  and  d i e t h y l -  
su lp h & te * • The e l e c t r o n i c ' form ulae o f  t h e s e  s u lp h u r  
compounds i n d i c a t e s  t h e  p r e s e n c e . o f  one or mere se m i-  
p o l a r  d o u b le  bonds and th e  e f f e c t  o f  t h i s  ty p e  o f  l i n k i n g  
on th e  p a r a c h o r  i s  r e a d i l y  u n d e r s to o d  when i t  i s  rem em bered  
t h a t  t h i s  c o n s t a n t  i s  a m easure  o f  m o le c u l a r  volume* The 
s e m i - p o l a r  d o u b le  bond c o n s i s t s  o f  a c o v a le n c y  w i t h  a 
s u p e r - im p o s e d  e l e c t r o v a l e n c y ;  i t s  e f f e c t  s h o u ld  t h e r e f o r e  
be t h a t  o f  a s in g le  b o n d , w h ic h  i s  t a k e n  a s  zero ,' and  t h e  
e f f e c t  o f  t h e  e l e c t r o s t a t i c  a t t r a c t i o n  b e tw ee n  two c h a r g e d  
a to m s ,  w h ich  s h o u ld  c au se  a c o n t r a c t i o n  i n  volume* I t  
I s  s i g n i f i c a n t  t h a t  m ost  o f  th e  s u b s t a n c e s  q u o te d  gave a 
n e g a t i v e  v a lu e  (mean -  1*6) f o r  t h e  p a r a c h o r  o f  a s e m i-  
p o l a r  d o u b le  b o n d .
1 ?
C o n v in c in g  e x p e r i m e n t a l  e v id e n c e  a s  t o  th e  t r u e
n a t u r e  o f  t h e  d o u b le  bond be tw een  s u l p h u r  and  oxygen  i n
t h e s e  compounds was ’p ro v id e d  by B i l l l i p s  {3d* 1$2^ » 12?^
2 5 5 ^ )  wh o  s u c c e e d e d  in  p r e p a r i n g  n * a l& y l  e s t e r s  o f
t o l u e n e s u l p h i n i c  a c i d  i n  an o p t i c a l l y  a c t i v e  c o n d i t i o n .
A d e te rm in a t io n  o f  .the parachor o f  e t h y l - p - t o l u e n e s u l p h i n a t e
show ed t h a t  th e  bond b e tw een  t h e  s u lp h u r  a n d  ‘ th e  s u lp h o n y l
oxygen  c o u ld  be c o n s i d e r e d  t o  be s e m ip o la r *  I f  t h e s e
s u l p h i n i c  e s t e r s  a r e  f o r m u la t e d  a c c o r d i n g  t o  t h e  o l d e r
t h e o r i e s  o f  v a le n c y  a s  R0 *S(;G) Q*j i t  i s  d i f f i c u l t  t o
s e e  why t h e y  s h o u ld  e x i s t  i n  e n a n t . ia m o rp h o u s ly  r e l a t e d
fo rm s*  If*  h o w e v e r ,  t h e y  a r e  r e p r e s e n t e d  a c c o r d i n g  t o
th e  e l e c t r o n i c  t h e o r y  o f . v a l e n c y  as* .
O R  , 0 R
I *+* *%
S + —  o o r  { S 5 ,0 :
I . *• ••
B1 E 1
i n  w h ich  th e  c r o s s e s  and  d o t s  have  th e  same s i g n i f i c a n c e
^  a s  b e fo re *  i t  w i l l  be s e e n  t h a t  i f  t h e  t h r e e  c o v a l e n c i e s
e x e r t e d  b y  th e  s u l p h u r  atom  a r e  n o t  c o p l a n a r  t h e n  t h e s e
e s t e r s  s h o u ld  e x i s t  i n  e n a n t io m o r p h o u s ly  r e l a t e d ' f o r m s •
From th e  c h e m ic a l  b e h a v io u r  of. s u l p h o x i d e s  and
a l s o ' b y  a n a lo g y  w i t h  s u l p h l n i c  e s t e r s  i t  m ig h t  be
d e d u ce d  t h a t  s u lp h o x id e s  s h o u ld  a l s o  e x i s t  i n  e n a n t io ~
m o rp h o u s ly  r e l a t e d  fo rm s .-  I t  w i l l  now be shown t h a t
s u l p h o x i d e s  o f  t h e  ty p e  ^ 1  ^ can  be r e s o l v e d
o
1'2 ■
i n t o  t h e i r  o p t i c a l l y  a c t i v e  c o m p o n e n ts . I t  m ig h t  be 
m e n t io n e d  t h a t  t h i s  r e s o l u t i o n  was commenced a t  th e  same 
t im e  a s  th e  r e s o l u t i o n  of d l  « m -  c a rb o x y p h e n y l  m e th y l
18
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d'l~m~Car ooxyphem l  e t h y l  s u lp h o x id e  was p r e p a r e d  
fey th e  o x i d a t i o n  w i t h  2N n i t r i c  a c i d  o f  th e  c o r r e s p o n d in g  
s u l p h i d e ,  o b t a i n e d  fey th e  e t h y l a t i o n  o f  m ~ th io lb e n z o ie  
a c i d  w i t h  e t h y l - p - t o X u e n e s u l p h o m t e
V  mm* ,
. i t s  b r u c in e  s a l t ,  a f t e r  r e c r y s t a l l i s a t i o n  f i r s t
f ro m  a c e to n e  an d  t h e n  f ro m  e t h y l  a l c o h o l  u n t i l  no  f u r t h e r
i n c r e a s e  i n  r o t a t o r y  power o c c u r r e d ,  h a d  M  t o  H- 70
L J 5 u 6 l
i n  c h lo r o f o r m  s o l u t i o n *  T h is  s a l t  gave on d e c o m p o s i t io n -
w i t h  aq ueous  sod ium  h y d r o x id e  d~ra~ c a rb o x y p h e n y l  e t h y l
s u lp h o x id e  w i t h  + 256°  I n  c h lo ro f o r m  ' s o l u t i o n *
5I461
The more s o l u b l e  b r u c in e  s a l t  was r e c o v e r e d  from  t h e  
m o th e r  l i q u o r s  from  .th e  X*B, 1^ *A s a l t  and on d e c o m p o s i t io n
'"*r* O
gave a s u lp h o x id e  w i t h ,  P o r t i o n s  o f  t h i s ,
, L J 54&1, '
w ere  com bined w i th  q u i n i n e ,  m o rp h in e ,  s t r y c h n i n e ,
oC~
c i n c h o n i d i n e ,  c in c h o n in e  a n d  p h e n y le th y la m in e  b u t  no 
e f f e c t i v e  s e p a r a t i o n ,  o f  th e  d - a r d  1 - fo rm s o f  t h e  
s u lp h o x id e  was o b ta in e d *
c \
The q u i n i d l n e  s a l t ,  h o w e v e r ,  a f t e r  r e  c r y s t a l l i s a ­
t i o n  f i r s t  f ro m  a c e to n e  an d  t h e n  f ro m  b e n z e n e ,  c o n t a i n i n g  
a  l i t t l e  e t h y l  a l c o h o l ,  u n t i l  n o  f a r t h e r  i n c r e a s e . i n
r o t a t o r y  power o c c u r r e d  h a d  [V l2 r ?  -H 102°  i n  c h lo r o f o r m
L J 5 ^ 6 i
s o l u t i o n  and  gave on d e c o m p o s i t io n  w i t h  a q u eo u s  sod ium  
h y d r o x id e  jU*ra~ : c a rb o x y p h e n y l  e t h y l  s u lp h o x id e  w i t h  
^■^5^61 —  ^ 3 2 °  In  c h lo r o fo r m  s o l u t i o n *
The s a t i s f a c t o r y  a g re e m e n t  b e tw een  th e  s p e c i f i c  
r o t a t o r y  powers o f  th e  two e n a n t io m o rp h s  i n d i c a t e s  t h a t  
b o th  were o b t a i n e d  o p t i c a l l y  p u r e .
The s p e c i f i c  r o t a t o r y  pow ers o f  t h e  o p t i c a l l y  
p u re  s u lp h o x id e  a r e  g iv e n  i n  T ab le  I*
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a i - l4 -D im e th y la m in o - l i1-me t h y l d i p h e n y l  s u l p h o x i d e ,
m .$♦ 1 9 8 ° ,  was p r e p a r e d  by h e a t i n g  t o g e t h e r  |> ~ to lu e n e -
s u l p h i n i c  a c i d  and  d i m e t h y l a n i l i n e  a c c o r d i n g  t o  th e
m ethod d e s c r i b e d  b y  Hinsberg (B e r ♦, 1 9 0 3 * 3.6 , I 0 8 )  f o r
th e  p r e p a r a t i o n  o f  l* -am inod i p h e n y l  s u l p h o x i d e /
A t te m p ts  t o  r e s o l v e  d l - i t - d im e th y la m in o - L *-
m e th y ld ip h e n y l  s u lp h o x id e  by r e c r y s t a l l i s a t i o n  o f  t h e
s a l t s  I t  fo rm ed  w i t h  c a m p h o rsu lp h o n ic  a c i d  o r  &-
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. H a r r i s o n ,  Kenyon, and P h i l l i p s  ( loo*  c l t - »K 
h o w e v e r ,  su c c e e d e d ,  i n  r e s o l v i n g  th e  much more s t a b l e  &1~ 
l ^ a m ln o ~ V ~ m e th y ld ip h e n y l  s u l p h o x i d e .
E* THE CHEMICAL ABD PHmiOAh PEOPEEflES OF TBE QPTXCxbhY 
i-iG T1VB 8 U Li?HQaIDES . ,
The "dl-sulphoxlde i s  a  r& cem ic compound w i t h  
p h y s i c a l  p r o p e r t i e s  w id e ly  d i f f e r e n t  from  th o s e  o f  th e  
o p t i c a l l y  a c t i v e  enantlcracrphs . ' F o r  e x a m p le ,  t h e
o p t i c a l l y  a c t i v e  fo rm s  a r e  v e ry  s o l u b l e  i n  c h lo r o f o r m ,  
w a t e r ,  a c e t o n e ,  e t h y l  a l c o h o l ,  m e th y l  a l c o h o l ,  b en zen e  
e t c 4 b u t  th e  d l-su lp h o x id e  i s  o n ly  m o d e r a t e l y  s o lu b le  
i n  w a t e r  and  ben zen e  * A l l  t h r e e  fo rm s a r e  i n s o l u b l e  i n  
o r d i n a r y  e t h e r  o r  i n  p e t r o le u m  e t h e r .  I t  h a s  b e e n  fo u n d  
im possi b l e , owing t o  t h e i r  g r e a t  s o l u b i l i t y ,  t o  c r y s t a l l i s e  
th e  a c t i v e  form s fro m  any  s o l v e n t .
The m e l t i n g  p o i n t  o f  th e  o p t i c a l l y  a c t i v e  fo rm  
i s  o v e r  JO0 lo w e r  th a n  t h a t  o f  th e  d l - s u l p h o x i d e .
The a sy m m e tr ic  com plex  c o n t a i n e d  i n  t h e  o p t i c a l l y  
a c t i v e  su lp h o x id e s i s  d e s t r o y e d  b y  ox id a tion /'' t h e  sulphones  
th u s  p ro d u c e d  b e in g  o p t i c a l l y  i n a c t i v e  * I n  t h e  same way 
o p t i c a l l y  a c t i v e  e t h y l - u - t o l u e n e  s u l p h i n a t e  gave  o p t i c a l l y  
I n a c t i v e  e th y l ~ £ ~ to l u e n e s u l p h o n a t e  ( P h i l l i p s ,  J , ,  1925 ,
P h i l l i p s  a l s o  show ed t h a t  t h e  a sy m m e tr ic  
u u lp h in ic  e s t e r  m o le c u le  p o s s e s s e d  a  c e r t a i n  m o b i l i t y ,  
s i n c e  g - t o l u e n e s u l p h i n i e  e s t e r s  o f  L~ ^ . - o c t a n o l  and  of  
JUrnenthol, w h ich  c o n t a i n  th e  g y to lu en e  su lp h in oxy  r a d ic le  
in  en o p t i c a l l y  a c t i v e  s t a t e ,  e x h i b i t  m arked  m u t a r o t a t i o n .
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i n t e r v a l s *  c o n s e q u e n t ly ,  m e th y l  t o l u e n e s u l p h l n a t e  was j
p r e p a r e d  by the  a c t i o n  o f  £ ~ to lu © n e s u lp h in y l  c h l o r i d e  on j
m e th y l  a l c o h o l ,  p o ta s s iu m  c a r b o n a te  o r  p y r i d i n e  b e in g  j
u s e d  t o  remove th e  h y d r o c h l o r i c  a c i d " formed* S u f f i c i e n t  
d e t e r m i n a t i o n s  were t a k e n  to  show t h a t  m u ta t io n  a c t u a l l y  
o c c u r r e d ,  b u t#  u n f o r t u n a t e l y #  th e  I n v e s t i g a t i o n  h a d  t o  be 
ab an don ed  a s  th e  e x p e r im e n te r  s u f f e r e d  s e v e r e  p h y s i c a l  
in c o n v e n ie n c e  from  th e  p h y s i o l o g i c a l  e f f e c t s  o f  t h e  
s u l p h i n i e  e s t e r s *
S o l u t i o n s  o f  t h e  o p t i c a l l y  a c t i v e  s u l p h o x i d e s ,  
on t h e  o t h e r  hand# show no s i g n s  o f  m u t a r o t a t i o n  even  
a f t e r  s t a n d i n g  f o r  s e v e r a l  m o n th s , so  I t  w ould  a p p e a r  
t h a t  i n  t h e s e  compounds th e  bond b e tw e e n  t h e  s u l p h u r  atom  
and  th e  s u lp h o x y  oxygen a tom  i s  p e r f e c t l y  s t a b l e .
W ith  r e f e r e n c e  t o  th© f i g u r e s  g iv e n  i n  T ab le  I ,  
i f  X  i s  p l o t t e d  a g a i n s t  A ^  f o r  th e  o p t i c a l l y  a c t i v e  
s u lp h o x id e  i n  v a r i o u s  s o l v e n t s ,  c u rv e s  a r e  o b t a i n e d  show ings* 
( i )  t h a t  t h e  r o t a t o r y  d i s p e r s i o n  i s  g e n e r a l l y  c o m p lex .
{i i )  t h a t  t h e  i n f l u e n c e  o f  one s o l v e n t  com pared w i t h
t h a t  o f  a n o t h e r  i s  n o t  v e ry  g r e a t .  ' j
;
The com plex  . d i s p e r s i o n  i s  p r o b a b l y  due t o  th e  b e n ze n e  
n u c l e u s  i n  t h e s e  compounds and t o  th e  i n f l u e n c e  o f  s o l v e n t s  ; 
owing t o  th e  p r e s e n c e  o f  th e  s e m ip o la r  d o u b le  b o n d .
The f a c t  t h a t  d ~ m -c a rb o x y p h e n y l  e t h y l  s u lp h o x id e
■ ■ ' i
h a s  a  low r o t a t i o n  i n  w a te r  i n  th e  fo rm  o f  i t s  p o ta s s iu m
s a l t  seem s t o  s u p p o r t  th e  c o n t e n t i o n  o f  R u le  ( J . , 1 9 2 7 , 5U) -
t h a t  th e  p o l a r i t y  o f  s u b s t i t u e n t  g ro u p s  a f f e c t s  t h e  r o t a t o r y !
power o f  an  o p t i c a l l y  a c t i v e  s u b s ta n c e *  i n  t h i s  ease#
th e  p o s i t i v e  c a r b o x y l  g ro u p  i n  I  _^
I I
°o  H,
atom  o f  th e  s u lp h o x y  g ro u p  i s  shown by  th e  change o f  
r o t a t o r y  power* The e f f e c t  i s  ev en  more m arked  i n  t h e
u n d e rg o e s  a r e v e r s a l  o f  s i g n  when th e  amino g ro u p  i s  
c o n v e r t e d  i n t o  a  p o s i t i v e  ammonium io n  by  means o f  h y d r o ­
c h l o r i c  a c id *
o p t i c a l l y  a c t i v e  fo rm s c o n f i rm s  th e  v iew s p r e v i o u s l y  
e x p r e s s e d ,  t h a t  th e  d o u b le  bond b e tw ee n  th e  oxygen atom  
and  th e  s u l p h u r  atom  i s  n o t  an  o r d i n a r y  d o u b le  b o n d . 
A c c o rd in g  t o  th e  e l e c t r o n i c  t h e o r y  o f  v a l e n c y  th e  
c o n s t i t u t i o n  o f  t h e s e  compounds, i s  more a c c u r a t e l y  
r e p r e s e n t e d  .b y , fo rm u la e ,  su c h  a s  I  o r  I I *
In  w h ic h  th e  v a l e n c y  e l e c t r o n s  o f  t h e  s u lp h u r  a tom  a re  
r e p r e s e n t e d b y  c r o s s e s .  The e l e c t r o n s  c o n t r i b u t e d  by  
th e  o t h e r . e le m e n ts ,  o r  g ro u p s  a t t a c h e d ' t o  th e  s u lp h u r  
atom a r e  r e p r e s e n te d ,  by  d o t s * .  . As t h e r e  a r e  o n l y  s i x  
e l e c t r o n s  i n  t h e  o u t e r  s h e l l  o f  th e  n e u t r a l  oxygen atom  
t h e  s u l p h u r  a tom  c o n t r i b u t e s  b o th  e l e c t r o n s  t o  fo rm  th e  
c o v a le n c y  by  w h ic h  th e  two atom s a r e  u n i t e d :
The molecular* asym m etry  o f  s u l p h i n i e  e s t e r s  and  s u lp h o x id e s  
tha-S a p p e a r s  to  be a s s o c i a t e d  w i t h  a s u l p h u r  a tom  w h ich
c a s e  o f  T ^ i l ’- a m in o - U - m e th y ld ip h e n y l  s u l p h o x i d e ,  w hich
The r e s o l u t i o n  o f  m ixed s u lp h o x id e  a i n t o  t h e i r
% +■ 6 : 
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c o r n e r s ' - o f  w hich  l i e  t h e  t h r e e  d i s s i m i l a r  g r o u p s .
-h
s
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T h ere  t h u s  a p p e a r s  t o  he l i t t l e  d o u b t  t h a t ,  a  q u a d r iv a le n t  
s u l p h u r  atom* when a t t a c h e d  t o  t h r e e  g ro u p s  o r  atoms,, 
e x e r t s  t h r e e  c o v a le n c ie s  ■■and one e le c t r o v a le n e y *
I t  i s  o f  p a r t i c u l a r  i n t e r e s t  t o 'consider*  
w h e th e r  q u a d r i v a l e n t  s u l p h u r  m a i n t a i n s  t h i s  same ty p e  o f  
v a l e n c y  when i n  com b in ation  w i t h  f o u r  u n i v a l e n t  a tom s o r  
g r o u p s . -  In  o t h e r  w o rd s ,  i s  th e  sem ipol& r d o u b le  bond , 
w i t h  w h ic h  i t  u n i t e s  w i t h  a d i v a l e n t  e le m e n t  su c h  as  
o x y g e n , s p l i t  u p  i n t o  i t s  com ponent c o v a le n c y  and  e l e c t r o -  
v a l e n c y  e a c h  o f  w h ich  i s  em ployed  t o  e f f e c t  a  u n io n  w i t h  
two u n i v a l e n t  a tom s o r  g r o u p s ,  o r  do t h e s e  a tom s o r  
g ro u p s  become u n i t e d  t o  t h e  s u l p h u r  a tom  by  i d e n t i c a l  
v a l e n c i e s  e a c h  e q u a l ,  i n  v a lu e  t o  h a l f  a  s e m i - p o l a r  d o u b le  
b o n d l
S u ch  a q u e s t i o n  h a s  r e c e n t l y  a c q u i r e d  added  
i n t e r e s t  s i n c e  Sugden (JN-, 1927 , 1 1 7 3 ) h a s  s t a t e d - t h a t  
a l t h o u g h  th e  r u l e  o f  e i g h t  can be s u p p o r t e d  by  much 
e x p e r i m e n t a l  e v id e n c e  t h e r e  a r e  c e r t a i n  c a s e s  In w h ic h  
o r d i n a r y  s i n g l e  v a le n c y  l i n k a g e s  a r e  n e i t h e r  e o v a le n c ie s  
n o r  ' e le c t r o  V alencia  s * He d e te r m in e d  th e  parach ors o f  
p h o sp h o ru s  ana  a n t im o n y  p e n ta c h lo r ld e s  a n d  fo u n d  t h a t  h i s  
r e s u l t s  s u p p o r t e d  th e  h y p o t h e s i s  p u t-fo rw a rd  by P ride aux  
( Chem*and I n d . » 192?* 1±2, 672) -th a t .two o f  th e  c h l o r i n e
e x i s t  a s  i o n s / ;  t h i s  ty p e  o f  l in k a g e  was c a l l e d  b y  
Bugcien a  11 s e r a i - p o la r  s i n g l e  bond ?t * In  p h o sp h o ru s  
p e n t a c h l o r i d e  th e  p h o sp h o ru s  atom  a c q u i r e s  a  p o s i t i v e  
c h a rg e  and th e  two c h l o r i n e  a to m s 's h a r e  one n e g a t iv e
c h a r g e . •
c o n s t i t u t i o n  o f  compounds o f  q u a d r i v a l e n t  s u l p h u r  con­
t a i n i n g  f o u r  u n i v a l e n t  atom s o r  g ro u p s  a t t a c h e d  t o  t h e  
s u l p h u r  a to m . Thus i t  i s  p o s s i b l e  t h a t  t h e  c o n s t i t u t i o n  
o f  d - m e th y l© th y X th e t in e ' -d -c a m p h o rs u lp h o n a te  o f  Pope an d  
P each ey  {X.* 1900 , 7 7 ,  1072) niay n o t  b© a s '■ i n d i c a t e d  in  
I ,  b u t  r a t h e r  as  i n  IX*
I I .
In  I  t h e  s e m ip o la r  d o u b le  bo n d , p r e s e n t  i n  s u l p h l n i c
e s t e r s  and a u lp h o x i d e s ,  i s  u t i l i s e d  f o r  t h e  a t t a c h m e n t
. #  ■ -
o f  t h e  a c e t i c  a c i d  r e s i d u e  by a c o v a le n c y  a n d Ath e  cam phor-  
s u lp h o n o x y  io n  by  a n  e l e c t r o  v a le n c y *  In  J i ,  h o w e v e r ,  
t h i s  sem i p o l a r  d o u b le  bond i s  r e p r e s e n t e d  as  b e in g  s p l i t  
I n t o  two s e m lp o la r  s i n g l e  bonds e a c h  o f  w h ic h  i s  em ployed  
t o  a t t a c h  a  g ro u p  d i r e c t l y  t o  th e  s u l p h u r  a to m .
o b s e r v e d  enan tlom orph ism . o f  th e  c a m p h o rsu lp h o n a te  * I t  
m ig h t  be o b j e c t e d  t h a t  d - m e t h y l e t h y l t h e t i n ©  d« cam phor-
T h is  c o n c e p t io n  o b v i o u s l y  h a s  a b e a r i n g  on th e
QiL
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E i t h e r  o f  t h e  above f o rm u la e  w o u ld  e x p l a i n  th e
by o t h e r  io n s  i n  aq ueous  s o l u t i o n  w i t h o u t  l o s s  o f  r o t a t o r y  
powder. I t  may, h o w e v e r ,  be p o s s i b l e  t h a t  a  camphor- 
s u lp h o n o x y  r a d i c a l  u n i t e d  t o  a s u l p h u r  a tom  by a s e m i-  
polai* s i n g l e  v a le n c y  w ou ld  be r e a d i l y  r e p l a c e a b l e .  In d e e d ,  
s h o u ld  t h e r e  be any  t r u t h  in  su c h  a f o r m u l a t i o n ,  i t  i s  
p o s s i b l e  t h a t  e a c h  s e m ip o la r  s i n g l e  v a l e n c y  i s  a s s o c i a t e d  
w i t h  one o f  th e  two lo n e  p a i r s  o f  e l e c t r o n s  w h ic h  th e  
o r i g i n a l  s u l p h i d e  s u l p h u r  atom c o n t a i n e d .  Thus i n  th e  
v a l e n c y  s h e l l  o f  th e  s u l p h u r  a tom  t h e r e  s t i l l  r e m a in s  
two u n a t t a c h e d  e le c t r o n s  w h ic h ,  a c t i n g  a s  p o i n t s  o f  
a t t a c k ,  may c o n s t i t u t e  a s o u rc e  o f  w eak n ess  u n d e r  th e  
a c t i o n  o f  r e a g e n t s .  F urtherm ore, i n  aq u eo u s  s o l u t i o n ,  
t h e  c a m p h o rsu lp h o n a te  may e x i s t  a s  a n  e q u i l i b r i u m  m ix tu re  
o f  th e  ty p e  ^
CoHr QHn.COGH.
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w h ic h  w o u ld  r e a d i l y  e x p l a i n  t h e  s u p p o s e d  i o n i s i n g  power 
o f  th e  cam pho rsu lph ono xy  g r o u p .
^  From t h i s  s t a n d p o i n t  th e  c o n s t i t u t i o n  o f  th e
d i h a l o g e n  compounds o f  o r g a n ic  s u l p h i d e s  a r e  o f  p a r t i c u l a r  
i n t e r e s t .  I t  w ould  a p p e a r  t h a t  th e  two f o l lo w in g  
form ula©  m ig h t  now be s u g g e s t e d  a s  r e p r e s e n t i n g  th e
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I t  i s  e v id e n t  * on. th e  a s s u m p t io n  t h a t  th e  p resen ce  o f
sem ipolar s i n g le  linkages in  Vf  le a d s t a s" In  the ease 
of th e  eam phorsuIphonate mentioned above * to  the sulphur 
atom possessing a t e t r a h e d r a l  environm ent*.th a t  su ch  
mixed dibromides could no t 'be obtained op tim ally  a e t lv e • 
Should* however* formula (XXI) more a c c u r a t e ly  rep resen t 
t h e i r  c o n s t i t u t io n  then such compounds might toe e x p e c te d  
• t o  e x is t  in  enantiomorphously re la te d  forma.
f h e  a t t e m p te d  r e s o l u t i o n  o f  e u c h  compounds 
p r e s e n ts  some e x p e r im e n ta l d i f f i c u l t i e s .  f h u s *  i t  h a s  
b e e n 'fo u n d  t h a t  j?i~carboxyphenyl e t h y l  s u l p h i d e  d iferom ida  . 
r e a c t s  r e a d i l y  w ith  a l k a l o i d s ,  s u c h  a s  b r u c in e *  and  l o s e s  
brom ine * A tte m p ts  w ere  t h e r e f o r e  made to  p r e p a r e  t h i s  
dibrom ide i n  an o p t i c a l l y  a c t i v e  c o n d i t i o n  from th e  
c o r r e s p o n d in g  o p t i c a l l y  a c t iv e  s u l p h o x i d e .  A l th o u g h  
t h i s  s u lp h o x id e  was b ro u g h t  i n t o  c o n t a c t  w i t h  d r y  
h yd rogen  bromide under v a r io u s  c o n d it io n s  th e  dibrom ide  
was i n v a r i a b l y  o b t a i n e d  o p t i c a l l y  i n a c t i v e *  I t  i s *  o f  
c o u rs e *  p o s s i b l e  t h a t  d u rin g  t h e  r e p l a c e m e n t  o f  t h e  
oxygen atom o f  th e  s u lp h o x id e  y« ©eiate &t Ion  occu rred *  and 
t h e r e f o r e  t h e  o p t i c a l  i n a c t i v i t y  o f  t h e  dibromid© o b t a i n e d  
c a n n o t  toe t a k e n  a s  p ro v in g  c o n c lu s iv e ly  t h a t  s u c h  a 
compound cannot cu e is t  i n  an o p t i c a l l y  a c t iv e  co n d itio n * , 
n e v e r t h e l e s s *  i t  i s  r e m a r k a b le  t h a t  B i l l l i p s  {lo o »  e i t ) 
was a b l e  to  p r e p a r e  o p t i c a l l y  a c t i v e  s u lp h in io  e s t e r s  by 
' a lk y lo x y  i n t e r c h a n g e  w ith o u t t h e  o c c u r r e n c e  o f  com p lete  
r s e e m is a t io n  and  was th u s  a b le  t o  prove t h a t  t h e  d i s ­
r u p t io n  o f  th e  l i n k a g e  betw een  th e  oxygen  atom o f  t h e
a q u eo u s  s o l u t i o n s ' o f 'h y d r© b ro m ic  a e i a  h a s  been  s t u d i e d ,  
t h e n  d i s s o l v e d -  i n  iu  hydr© brom ic  a  o ld  th e  r o t a t o r y  power- ■ 
o f  d - p a r b o x y p h e n y l '  e t h y l  s u l p h o x i d e  r e g a i n e d  p r a c t i c a l l y  
u n c h a n g e d  f o r  a c o n s i d e r a b l e  p e r i o d  a s  can  be s e e n  from.
9 th e  v a lu e s  q u o te d  In  f a b l e  u *  . -.-
M  JH* h y d ro b ro m ic  a c i d , :h o w e v e r* t h e  s u lp h o x id e  
• g r a d u a l ly  r& dem ised* a s  can  be s e e n  -from  th e  v a l u e s  q u o te d  
; in  Table I I I . .
: T A B  h. B I I .
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A g a in * ■owing t o  th e  p o s s i b l e  o c c u r r e n c e  o f  r a c e m i s a t i o n  
d d r i n g  t h e  r e p l a c e m e n t  o f  th e  s u lp h o x y l  oxygen atom  by  
o t h e r  a tom s o r  g ro u p s  t h e s e  e x p e r im e n t s  do n o t  p ro v id e  
a n y  c o n c l u s i v e  e v i d e n c e .  .; However* t h e y  a r e  n o t  i n ­
c o n s i s t e n t  w i t h  t h e  view  t h a t  in  N* hydrobror&ic a c i d  
s o l u t i o n  t h e  s u lp h o x id e  may e x i s t ' i n  t h e  fo rm  o f  an 
a d d i t i o n  compound w h ich  may h av e  th e  c o n s t i t u t i o n
GOOH
t h e r e b y  l o s i n g  i t s  e n a n t io m o rp h o u s  c o n f i g u r a t i o n *  T h is  
i s  p r o b a b l y  a r e v e r s i b l e  r e a c t i o n *
T h a t  th e  brom ine  atom s o f  c a rb o x y p h e n y l  
e t h y l  s u lp h id e  d ib ro m id e  a re  b u t  l o o s e l y  l i n k e d  t o  th e  
s u l p h u r  a tom  i s  e v i d e n t  from  th e  r e a d i n e s s  w i t h  w h ich  th e  
d ib ra m id e  r e v e r t s  t o  th e  s u lp h id e *  The change o c c u rs  
r a p i d l y  when the:vdjforom ide i s  s u b j e c t e d  t o  th e  a c t i o n  o f  
d i l u t e  a l k a l i e s f and  m ay .ev en  o c c u r  when i t  i s  e x p o se d  
t o  t h e ■a i r  *
from  th e  c o n s i d e r a t i o n s  and  e x p e r i m e n t a l  work 
d e s c r i b e d  above i t  i s  o b v io u s  t h a t  no fo r m u la  can  y e t  be 
a d v an c ed  w h ic h  can  be c o n c l u s i v e l y  s t a t e d  t o  x*epresen t 
a c c u r a t e l y  t h e  c o n s t i t u t i o n  o f  compounds o f  q u a d r i v a l e n t  
s u l p h u r  c o n t a i n i n g  f o u r  g ro u p s  o r  a tom s u n i t e d  t o  t h e  
s u l p h u r  atom*
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o b t a i n e d  from  t h e  p r e p a r a t i o n  an d  r e s o l u t i o n  o f  H~ 
carboxypheny l©  t h y l s u l p h i n e  -j>**tGluenesulphQnylIm ine • 
C h lo ra m in e -T ,  th e  p a r e n t  s u b s ta n c e  o f  the  
s u l p h i l i m i n e s ,  was p r e p a r e d  by  th e  a c t i o n  o f  sod ium  
h y p o c h l o r i t e  oh jc - to iu e n e s u lp h o n a m id e  . ( p a k i n ,  Gohen, 
B a u f r e s n e ,  and  Kenyon, P r o c * R o y * S o c . ,  19 1 6 , B#, 8 l , 2 j 6 ) 
and  was g iv e n  t h e  fo rm u la  g^H^*0B^#S0 . ( 01% ) ;  u*Ql* [
R a p e r  p r e p a r e d  t h e  s u l p h i l i m i n e s  by  c o n d e n s in g  c h lo ra m in e -T  
w i t h  d i a l k y l  s u l p h i d e s *  Mann and  Pope ( J . ,  1922 , 121 , j
1052) f o r m u la t e d  t h e s e  compounds a s  *GHj*SG^*KsS*X*T*(I) j
a n d  p o i n t e d  o u t  t h a t  Mth e  s u l p h i l i m i n e s  m ig h t  be e x p e c te d  
t o  e x i s t  i n  e n a n t io m o r p h o u s ly  r e l a t e d  fo rm s owing t o  th e  
o p e r a t i o n  o f  a  t r i h e d r a l  d i s p o s i t i o n  o f  th e  t h r e e  v a l e n c y  
d i r e c t i o n s  o f  t h e  d o u b ly  l i n k e d  n i t r o g e n  a to m .” They 
s u g g e s t e d  t h a t  th e  sp a c e  a r r a n g e m e n t  i n  t h e  s u l p h i l i m i n e s  
was s i m i l a r  t o  t h a t  e x i s t i n g  i n  f s y c l o h e x y l e n e - d ib h i o -  
c a r b o n a t e - 2 - p y r i d y l h y d r a z o n e  {I I )  w h ich  was r e s o l v e d  b y  
M i l l s  and  S c h i n d l e r  ( J . ,  1923 , ^ , 3 1 6 ) .  |
B e fo re  p ro c e e d in g  to  a d i s c u s s i o n  o f  th e  v iew s
s
o f  Mann an d  Pope a n d  t o  th e  a l t e r n a t i v e  h y p o t h e s i s  p u t  
f o r w a r d  i n  t h i s  t h e s i s ,  i t  w i l l  be n e c e s s a r y  t o  r e v ie w  |
b r i e f l y  th e  work o f  M i l l s  and h i s  c o l l a b o r a t o r s  w i t h  j
r e g a r d  t o  th e  c o n f i g u r a t i o n  o f  t h e  d o u b l y - l i n k e d  t e r v a l e n t  
n i t r o g e n  atom*
The r e s o l u t i o n  by  M i l l s  and h i s  c o l l a b o r a t o r s  ;
o f  compounds c o n t a i n i n g  th e  g ro u p in g  _> G » N -  i n t o
j
o p t i c a l l y  a c t i v e  fo rm s  c o n f i r m s  th e  v ie w ,  f i r s t  e x p r e s s e d  j
by  H a n tz s c h  and W erner* t h a t  when a t e r v a l e n t  n i t r o g e n  j
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fo r m u la  f o r  th e  oxim© o f  e y e l o - h e x y l e n e c a r b o x y l i e  a c i d  
r e s o l v e d  by Mill© and  B ain  { J* ,  I J I G ,  XL*  1866) w ould  
c o n t a i n  a  p la n e  o f  sym m etry  an d  w ould  n o t  he r e s o l v a b l e
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I t  i s  o b v io u s  on s t e r e o c h e m i c a l  g ro u n d s  t h a t  t h e  c a r b o x y l  
g ro u p  and  th e  h y d ro g en  atom  a t t a c h e d  t o  t h e  c a rb o n  atom  
m arked w i t h  an a s t e r i s k  a r e  n o t  i n  t h e  same p l a n e  a s  th e  
r e s t  o f  th e  m o le c u l e .  The g rou p
~  CH2 ^  /G  = H ~
GCUE.Oli^
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p o s s e s s e s  a p la n e  o f  sym m etry  b u t  th e  f a c t  t h a t  th e  oxlrae 
can  be r e s o l v e d  i n t o  i t s  e n a n t io m o r p h o u s ly  r e l a t e d  fo rm s 
p r o v e s  t h a t  t h e  h y d r o x y l  g ro u p s  m ust be s i t u a t e d  o u t s i d e  
t h i s  p l a n e . P r o v i d i n g ,  h o w e v er ,  t h a t  t h e  h y d r o x y l  g ro u p  
■ ■* i s  n o t  s i t u a t e d  i n  th e  plan© o f  sym m etry  t h i s  d o es  n o t
p r e c l u d e  th e  p o s s i b i l i t y  t h a t  th e  ca rb o n  and  n i t r o g e n  atom s 
and  th e  h y d r o x y l  g ro u p  may be i n  t h e  same p l a n e .
In  o r d e r  t o  a v o i d  th e  p o s s i b i l i t y  t h a t  a m o b ile  
h y d ro g e n  atom  m ig h t  m ig r a te  and  g iv e  r i s e  t o  an  o r d i n a r y  
* a sy m m e tr ic  c a rb o n  a to m , M i l l s  and  S c h i n d l e r  ( J . ,  19 23 ,
1 6 5 , 316) p r e p a r e d  th e  p y r id y lh y d r a z o n e  o f  c y c l  ohe x y le n e  -  
d i t h i o c a r b o n a t e  (IX )*  as  t h i s  compound was r e s o l v e d  
i n t o  i t s  e n a n t io m o r p h o u s ly  r e l a t e d  fo rm s i t  was s t a t e d  
t h a t  t h e r e  c o u ld  be no  d o u b t  t h a t  th e  n i t r o g e n  atom  i s  
t h e  c e n t r e  o f  asym m etry* The e y e lo h e x y le n e  r i n g  may be 
assum ed  t o  o ccupy  a  p la n e  I n c l i n e d  a t  a n  a n g le  t o  t h a t
32
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■comon t o  b o th  r i n g s  a r e  i n  a  t h i r d  p l a n e .  I f  one con ­
s i d e r s  th e  g ro u p
' /0H2 ^
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i t  i s  o b v io u s  t h a t  t h e r e  i s  a p la n e  o f  sym m etry . fh e  
r e s o l u t i o n  o f  t h e  pyr1 Id y  I h y d r  a zone o f  s y o l n h e  x y l e n e -  
d i t h i o c a r b o n a t e  i n t o  i t s  e n a n t io m o rp h o u s  form s p ro v e s
t h a t  th e .H H .P y .  g ro u p  c an n o t  l i e  i n  t h i s  p la n e  o f
sym m etry , b u t  I t  i s  t o  be n o t e d . t h a t  i t  d o e s  n o t  p rove  
t h a t  th e  MH.Py. g ro u p  i s  n o t  I n  t h e  same p la n e  as  th e
0 s  H -  g r o u p .  ...
! •  ;. IX - I I I .
^ G6IIii* /EH * Py * X)H
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On com paring  th e  s u l p h i l i m i n e  ( I )  w i t h  ( I I )  a n d  ( i l l ) ,  
and  ev en  a ssu m in g  t h a t  t h e  > S  * H* g ro u p  I n  I  i s  
s i m i l a r  f m  a  s t e r e o c h e m i c a l  p o i n t  o f  v iew  t o  t h e  
> 0  « H- g ro u p  i n  ( I I )  and  ( I I I ) ,  i t  i s  n o t  o b v io u s  
why th e  s u l p h i l i m i n e  m o le c u le  s h o u ld  be a s y m m e tr ic .  The 
p r e s e n c e  o f  th e  e y e lo h e x y le n e  r i n g  i n c l i n e d  a t  an a n g le  
t o  th e  p la n e  o f  th e  )>S 85 H* g ro u p  i n  ( I I )  may be a  
n e c e s s a r y  i ' a c t o r  i n  p r o d u c in g  t h e  phenomenon o f  o p t i c a l
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w ould  n o t  be r e s o l v a b l e  I n t o  o p t i c a l  f o r m s ,  b u t  l i k e  th e  
s im p le  c r im e s  m ig h t  e x i s t  i n  c i s -  and  t r a n s ~ fo r m s .  
F u r t h e r ,  in  ( i l l )  t h e  c a r b o x y l  g ro u p  a n d  th e  h y d ro g en  
atom  a t t a c h e d  to  th e  c a rb o n  atom  i n  th e  p a r a - p o s i t  io n  t o  
t h e  c a rb o n  atom j o i n e d  t o  t h e  o x i ra in o -g ro u p  a re  n o t  in  
t h e  same p la n e  as  th e  h y d r o a r o m a t ic  n u c l e u s . Mann and 
p o p e ,  h o w e v e r ,  p r e p a r e d  and  ex am ined  dy a n d  1~ 
e a m p h o ry l id in e  me t h y l e  t h y I s u I p h i n e  t o l u e n e  s u lp h o n y  l im in e  •
G10HxH0 i C H .a .B t *M© s H* SC^.GgH^.Me *• 
and  s t a t e d  t h a t  n e i t h e r  o f  t h e s e  compounds f u r n i s h e d  any  
i n d i c a t i o n  o f  s t e r e o i s o m e r i s m  o f  th e  ty p e  ci^Q, d ~ S , and 
d~G 1*S and  t h a t ,  t h e r e  f o r e ,  t h e y  p ro p o s e d  t o  
i n v e s t i g a t e  o th e r  m ethods f o r  r e a l i s i n g  t h i s  ty p e  o f  
iso m er ism  *
how, a s  a w o rk in g ’.h y p o t h e s i s ,  l e t  i t  be su p p o se d  
^  t h a t  t h e  c e n t r e  o f  n e x p e e t e d u o p t i c a l  a c t i v i t y  i s  th e
s u l p h u r  a to m , w h ic h ,  by a n a lo g y  w i t h  t h a t  o f  t h e  s u l p h i n i c  
e s t e r s  and  m ixed  s u l p h o x i d e s ,  may be c o n s i d e r e d  t o  be 
p o s i t i v e l y  c h a rg e d  and  o c c u p y in g  th e  a p e x  o f  a  t e t r a h e d r o n  
a t  t h e  o t h e r  t h r e e  c o r n e r s  o f  w h ic h  l i e  t h e  g ro u p s  x  and  
y  an d  th e  j j - t o l u a n e s u lp h o n lm id o  g r o u p ,  th e  n i t r o g e n  atom  
o f  w h ic h  b e a r s  a  n e g a t i v e  c h a r g e .  f h e  fo r m u la  o f  a 
s u l p h i l i m i n e  c o u ld  t h e n  be w r i t t e n  .Me .S C ^H .S -X .Y *
Ab i n  th e  e a se  o f  th e  s u l p h o x i d e s ,  i t  w i l l '  be 
n e c e s s a r y  t o  exam ine  t h e  p r e p a r a t i o n  o f  th e  s u l p h i l i m i n e s  
f ro m  th e  s t a n d p o i n t  o f  t h e  e l e c t r o n i c  t h e o r y  o f  v a le n c y  
i n  o r d e r  t o  se e  how th e  above  f o r m u l a t i o n  i s  d e r i v e d .
O'
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I f , h o w e v e r , , th e  v iew s o f  Lowry* P h i l l i p s  and S u g d en ,
w h i c h 'h a v e '• been  d e v e lo p e d  i n  t h i s  " t h e s i s , a re  a p p l i e d  t h e
r e a c t i o n  can  be r e p r e s e n t e d  t h u s : -
0 0 
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In  t h i s  fo rm u la  f o r  c h lo ra m in e ~ T . t h e  s u l p h u r  a t  ora i s  
s u r r o u n d e d  by i t s  n o rm al  o c t e t  o f  e l e c t r o n s ,  w h i l s t  t h e  
n i t r o g e n  atom i s  l i n k e d  by  two c o v a l e n c i e s  and  an  e l e c t r o -  
v a l e n c y .  T h is  l in k a g e  i s  n o t  a f f e c t e d  w h e th e r  t h e  sodium  
io n  i s  a t t r a c t e d  t o  th e  n i t r o g e n  a to m , o r  t o  e i t h e r  o f  t h e  
n e g a t i v e l y  c h a rg e d  oxygen a to m s .  .
The se c o n d  s t a g e  i n  th e  p r e p a r a t i o n  o f  
s u l p h i l i m i n e s  i s  t h e  c o n d e n s a t io n  o f  c h l o r a m i n e - f . w i th  
a l k y l  s u l p h i d e s .  S in c e  t h e  e x p e r im e n t  i s  c o n d u c te d  i n  
a q u eo u s  a l c o h o l i c  s o l u t i o n  I t  i s  c o n c e iv a b le  t h a t  th e  
sod ium  and c h l o r i n e  atom s s e p a r a t e  a s  io n s  fo rm in g  a 
s o l u t i o n  o f  sod ium  c h l o r i d e  and l e a v i n g  th e  r a d i c l e
+0
■ f o  - “
c o n t a i n i n g  a  n i t r o g e n  atom  w i t h  s i x  e l e c t r o n s  i n  i t s  o u t e r  
s h e l l .  I t  w i l l  be r e c a l l e d  t h a t  when a. d i a l k y l  s u l p h i d e  
t a k e s  u p  an  a tom  o f  oxygen t o  form  a s u l p h o x i d e ,  th e  
s u l p h u r  atom  c o n t r i b u t e s  b o th  e l e c t r o n s  t o  fo rm  th e  c o -
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One o f  th e se  v i r t u a l l y  a c ts  as  an oxygen e l e c t r o n ,  the
s u l p h u r  atooi becomes p o s i t i v e l y  c h a rg e d  and  th e  oxygen
atom  n e g a t i v e l y  c h a r g e d .  The two atom s th u s  become
u n i t e d  by a  s e m i - p o l a r  d o u b le  b o n d . 0
+  ^ **
The n i t r o g e n  atom o f  th e  r a d i c l e  Me.OgH^-S? H
0
r e s e m b le s  an  oxygen atom  i n  h a v in g  s i x  e l e c t r o n s ,  “
s o  t h a t  t h e  r e a c t i o n  be tw een  th e  r a d i c l e  and  th e  d i a l k y l
s u l p h i d e  m ig h t  p ro c e e d  a c c o r d in g  t o  t h e  f o l l o w i n g  e q u a t io n
0 0
«
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H ere a g a i n  t h e  s u l p h u r  atom  c o n t r i b u t e s  b o t h  e l e c t r o n s  
t o  fo rm  th e  c o v a le n e y  w h ic h  u n i t e s  th e  s u l p h u r  a n d  
n i t r o g e n  a to m s .  A t th e  same t im e  th e  s u l p h u r  a tom  
becomes p o s i t i v e l y  c h a r g e d ,  t h e  n i t r o g e n  atom  a c q u i r e s  
a n e g a t i v e  c h a r g e ,  th u s  fo rm in g  an e l e c t r o v a l e n c y  w h ic h ,  
t o g e t h e r  w i t h  th e  c o v a le n c y ,  c o n s t i t u t e s  a  s e m i - p o l a r  
d o u b le  bo nd .
S in c e  d l - m - c a r b o x y p h e n y le t h y l  s u lp h o x id e  was 
r e s o l v e d  i n t o  i t s  o p t i c a l l y  a c t i v e  fo rm s  t h e r e  a p p e a re d  
t o  be no  r e a s o n ,  i f  t h e  above a rg u m en ts  a r e  v a l i d ,  why 
t h e  c o r r e s p o n d in g  s u l p h i l i m i n e  s h o u ld  n o t  a l s o  be c a p a b le  
o f  e x i s t i n g  In  e n a n t io m o r p h o u s ly  r e l a t e d  f o r m s .  d l-m -  
^  C a r b o x y p h e n y le th y l s u lp h in e - H - tQ lu e n e s u lp h o n y l im ln e  w as ,
t h e r e f o r e ,  p r e p a r e d  b y  th e  c o n d e n s a t io n  o f  c h lo ra m in e .T «  
w i t h  m - c a r b o x y p h e n y l e t h y l s u l p h id e *
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from  a c e to n e  changed  r a p i d l y  i n  r o t a t o r y  power and when
o p t i c a l l y  p u re  th e  1 *S* l . A .  s a l t  h ad  f y 7^5 157°
L J 5I461
in  e t h y l  a l c o h o l i c  s o l u t i o n .  On d e c o m p o s i t io n  o f  t h i s  
s a l t  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  th e  jL -m -ca rbox yph en y l^  
e t h y l s u l p h i n e - £ « t o i u e n e s u l p h o n y l i m i n e  was o b t a i n e d  ?? ith  
r n  ^ 5  ^ 5 7 3 °  i l l  e t h y l  a l c o h o l i c  s o l u t i o n *  The more
s o l u b l e  b r u c in e  s a l t  was r e c o v e r e d  fro m  th e  m o th e r  l i q u o r s  
from  th e  c r y s t a l l i s a t i o n  o f  th e  1*B. s a l t  and  on
d e c o m p o s i t io n  gave a s u l p h i l i m i n e  w i t h  i ' z k z ' s o -
T h is  was com bined w i t h  c in c h  on 1 d in e  and  th e  s a l t  o b t a i n e d  
was r e p e a t e d l y  c r y s t a l l i s e d  from  a l c o h o l  t i l l  i t s  r o t a t o r y  
power r e m a in e d  u n c h a n g e d  on f u r t h e r  r e  c r y s t a l l i s a t i o n *  I t  
t h e n  h a d  ^  5 0°  i n  e t h y l  a l c o h o l i c  s o l u t i o n  and  -
on d e c o m p o s i t io n  gave  d - m - c a r b o x y p h e n y l e t h y l s u l p h in e - £ -  
t o lu e n e s u lp h o n y l i m in e  w i t h  M g a ' ^ a , ° 1 ,1 ’ t t J 1  
a l c o h o l i c  s o l u t i o n *  T h is  r e s u l t  showed t h a t  c in c h o n id in e  
was n o t  a s u i t a b l e  a l k a l o i d  f o r  o b t a i n i n g  th e  d e x t r o -  
r o t a t o r y  s u l p h i l i m i n e  * T h e r e f o r e ,  d - f - d i - s u lp h i l im in e  
h a v in g  ~h2T[0 °  i n  e t h y l  a l c o h o l i c  s o l u t i o n  was
com bined w i th  s t r y c h n i n e  and  th e  s t r y c h n i n e  s a l t  o b t a i n e d  
was r e p e a t e d l y  c r y s t a l l i s e d  fro m  a l c o h o l  u n t i l  I t s  r o t a t o r y  
power r e m a in e d  unch an g ed  on f u r t h e r  r e  c r y s t a l l i s a t i o n .  I t  
t h e n  h a d  - h ^ ^ °  i n  e t h y l  a l c o h o l i c  s o l u t i o n  and
on d e c o m p o s i t io n  g a v e ■ d » m -c a rb o x y p h e n y l© th y ls u lp h in e - j> *  
t o l u e n e s u l p h c n y l l m i n e  w i t h  0 * 3 +  5 7 5 °  i n  e t h y l  a l c o h o l i c  
s o l u t i o n .  The s a t i s f a c t o r y  a g re e m e n t  b e tw e e n ; th e  s p e c i f i c  
r o t a t o r y  pow ers o f  t h e  two e n a n t lo ra o rp h s  i n d i c a t e s  t h a t  
b o th  were o b t a i n e d  o p t i c a l l y  pure*  I t  i s  i n t e r e s t i n g  t o
The s p e c i f i c  r o t a t o r y  pow ers o f  th e  o p t i c a l l y  
p u re  s u l p h i l i m i n e  i n  v a r i o u s  s o l v e n t s  a r e  g iv e n  i n  f a b l e  I?*
T A B L E  IV*
SPECIFIC ROTATORY- POWERS OF: -
{i } • i~m~C&r box y p h en y le  t h y l s u l p h i n e ^ £ - t o l u e n e  ~
s u lp h o n y l  im in e  i n  v a r i o u s  s o l v e n t s  a t  2 5 °  0 *
( l i )  d -m «-G arboxypheny le thy lsu lph ine~ j> -* to luene~  
s u lp h o n y l im ln e  in  a l c o h o l  a t  2 J °  0 *
{ i i i )  S t r y c h n in e  s a l t  o f  th e  d - S u l p h i l i m i n e  i n  
a l c o h o l  a t  2 5 °  C* ~*
( i v )  ( a )  Sodium  s a l t  o f  t h e  1- S u lp h i l  im ine  in  w a te r  
; a t  2 5 °  0 * 7“
(b )  Sodium  s a l t  o f  th e  l y S u l p h i l i m i n e  an
e q u im o l e c u la r  q u a n t i t y  o f  sod ium  b o r a t e  
i n  w a t e r  a t  2 5 0 C*
£  * g* o f  s u b s ta n c e  i n  100 cc* s o l u t i o n *
1 * 2 j  B 0 .0 2  0 0  ^
S o l v e n t s  c A 6708 A 5895 A 3790 A 51*61 A 1*359
(1) E t h y l  A lc o h o l  2*7725 . -226° -308° -321+0 - 373° -690°
P y r i d i n e  2*5695 -2 0 0 ° -290° -307° - 3lA° -670°
E t h y l  A c e ta te  0*8980 - 2 1 3 ° -286° -307° -3U30 —6l*o°
G l a c i a l  )
) 1*9185
A c e t i c  A c id )
*“*233^ -28o° -306° - 33^° - 61*3°
C h lo ro fo rm  1*2515 *2il3° -300° *■322° -365° -678°
" 0 .6 5 8 0 mm - 305° -5U50 - 61*2°
0 .5 6 0 0 *.2ol|0 -2720 '-286° - 330° -621°
{11} E th y  1 A1 c cbol 2 * 5 l|25 m b mm + 3230 + 373° +689°
( i i i ) E t h y l  A1 oohol 2 *393-5 ■mb- mm + 152° m
( i v ) ( a )  W ate r  1 *7 9 5 ®
(J L ^ su lp h i l im in e )
-3x80 -363° *662°
(b )  W ate r  1*7550
( ^ - s u l p h i l i m i n e )
-323° -367° -666°
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t h e  l a t t e r  s u b s ta n c e  w ould  I n f l u e n c e  t h e  r o t a t o r y  power 
o f  th e  s u l p h i l i m i n e  i n  th e  same m anner t h a t  i t  e n h an c es  
t h e  r o t a t o r y  -power o f  s o l u t i o n s  o f  t a r t a r i c  a c i d .  Thus 
i t  i s  c o n c e iv a b le  t h a t  a m o le c u le  o f  th e  b o r a t e  m igh t 
become c o o r d i n a t e d  w i t h  a m o le c u le  o f  t h e  s u l p h i l i m i n e
H
0 CgHj^COONa.
HO * B *♦
* .  +  N^SOp.OyH-
0 ( "  
s
H ■C<H)1.COOHn o <4
® _  t  +
^  hq * b Y  a  *., n . s o ^ o ^
, 0
. H
The r e s u l t s  showed t h a t  t h e  r o t a t o r y  power was n o t  
e n h a n c e d  by  th e  a d d i t i o n  o f  sod ium  b o r a t e .
plotted against for solutions of
(a )  d -m -C arb o x y p h en y l  E t h y l  (b) 1- m - G a r b o x y p h e n y le th y l - s u lp h in e -  
S u lp h o x id e  i n  £ - t  a l u e n e s u l  p h e n y l  tm lne  i n
I .  W ater {p o t a s s i u m S a l t )  V. P y r i d i n e ,
I I .  M e th y l A lc o h o l  V I .  C h lo ro fo rm .
I l l *  C h lo ro fo rm • VII* E t h y l  A c e t a t e .
IV. E t h y l  A lc o h o l .  V I I I .  E t h y l  A l c o h o l .
c o n t r a s t  t o  th e  w ide d iv e r g e n c e  b e tw een  th e  p h y s i c a l  j
p r o p e r t i e s  o f  th e  o p t i c a l l y  a c t i v e  and  o p t i c a l l y  i n a c t i v e  j
i
s u lp h o x id e s  and  m u lp h in a te s  # H en ce , c a r b o x y p h e n y l -  j
e t h y l s u l p h i n e - j c - t o l u e n e s u l p h o n y l i m i n e  i s  p r o b a b l y  a  |
m ix tu r e  o f  th e  two e n a n t io m o rp h s  and  n o t  a  ra c e m ie  compound* |
d l - m - G a r b o x y p h e n y l e t h y l s u l p h i n e - p - t o l u e n e -  I
s u lp h o n y l im in e  was c o n v e r t e d  by th e  a c t i o n  o f  c o n c e n t r a t e d  1
h y d r o c h l o r i c  a c i d  i n t o  a m ix tu r e  o f  £ - t o lu e n e s u lp h o n a m id e , |
m*. carboxypheny l©  t h y l s u l p h o x i d e  a n d  s u l p h i d e ;  w h i l s t  t h e  |
... , - |
su lp h o n a ra ld e  a n d  m -c a rb o x y p h e h y le th y ls u lp h o n ©  were t h e  |
. * i
s o l e  p r o d u c t s  o f  th e  a c t i o n  o f  h y d ro g e n  p e r o x i d e ♦ j
W ith  r e f e r e n c e  t o  t h e  f i g u r e s  g iv e n  in  f a b l e  IV, j
i f  UT i s  p l o t t e d  a g a i n s t  A  f o r  th e  a c t i v e  s u l p h i l i m i n e  
i n  v a r i o u s  s o l v e n t s  a n d  c u rv e s  a r e  draw n th e n  th e  t a b l e  
and  c u r v e s  show t h a t  t h e  s p e c i f i c  r o t a t o r y  po?^ers o f  th e  J j
o p t i c a l l y  a c t i v e  m - e a r b o x y p h e n y l e t h y l s u l p h l n e - g - t o l u e n e -  I
s u lp h o n y l im in e  i s  b u t  s l i g h t l y  i n f l u e n c e d  by  s o l v e n t s ,  j
1
w i t h  th e  p o s s i b l e  e x c e p t i o n  o f  g l a c i a l  a c e t i c  a c i d .  Under j
th e  e x p e r i m e n t a l  c o n d i t i o n s  em ployed  th e  s u l p h i l i m i n e  j
e x h i b i t s  s im p le  r o t a t o r y  d i s p e r s i o n  In  e t h y l  a l c o h o l  
s i n c e  a  s t r a i g h t  l i n e  i s  o b t a i n e d  when i f  f o r  t h i s  com­
pound i s  p l o t t e d  a g a i n s t  A*".* I f  th e  v a lu e  o f  cf f o r  
>51*61 i s  c a l c u l a t e d  from  th o s e  o f  A 6708 and A 5895 
by  a p p ly i n g  th e  tto n e - te rm ” Drude E q u a t io n  th e  r e s u l t  
( 5 7 2 .5 )  I s  p r a c t i c a l l y  i d e n t i c a l  t o  t h e  o b s e r v e d  v a lu e  
(5 7 2 . 8 )* The c a l c u l a t e d  v a lu e  o f  A©’f o r  th e  
s u l p h i l i m i n e  i s  25VJV
The s p e c i f i c  r o t a t o r y  power o f  th e  s u l p h i l i m i n e  j
In  s o l v e n t s  r e m a in s  u n c h an g e d  on s t a n d i n g  f o r  s e v e r a l
so lu tio n #
k  c o m p a r iso n  o f  th e  c u rv e s  o f  th e  s u lp h o x ld e s  
and th e  s u l p h i l i m i n e s  s h o w s #t h a t  d i s p e r s i o n  i s  l e s s  
com plex  i n  c o r r e s p o n d in g  s o l v e n t s  i n  th e  s u l p h i l i m i n e s  
t h a n  i n  th e  s u l p h o x i d e s .
I t  w i l l  he rem em bered  t h a t  d*m ~carboxypheny l~  
e th y l s u l p h o x i d e  h a s  a  lo w e r  r o t a t i o n  i n  th e  form  o f  i t s  
p o ta s s iu m  s a l t  and  t h a t  T ^ i^ a m in o - l^1 m ethy  1- d i p h e n y l ^  
s u lp h o x ld e  s u f f e r s  a  r e v e r s a l  o f  s i g n  o f  r o t a t i o n  i n  
h y d r o c h l o r i c  a c i d  s o l u t i o n ,  i n  a g re e m e n t  w i t h  R u le* s  v iew s#  
The s u l p h i l i r a i n e ,  on th e  o t h e r  h a n d ,  i s  p r a c t i c a l l y  un-» 
i n f l u e n c e d  by  s o l u t i o n  i n  sodium  h y d r o x id e  s o l u t i o n  n o r  
i s  th e  r o t a t i o n  e n h an c ed  b y  th e  a d d i t i o n  o f  b o r i c  a c i d .
I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  i n  th e  c a s e  o f  th e  
c h lo r o f o r m  s o l u t i o n ,  d i l u t i o n  lo w e rs  th e  m ag n itu d e  o f  
r o t a t i o n .
To Frovd th e  Absence o f  W ater i n  t h e  S u 1p h i l i m in e  M o lecu le  
I t  was c o n s i d e r e d  im p o r t a n t  t h a t  th e  o p t i c a l l y  
a c t i v e  s u l p h i l i m i n e  s h o u ld  be exam M ed t o  p ro v e  co n ­
c l u s i v e l y  t h a t  I t  d id  n o t  c o n t a i n  a m o le c u le  o f  w a t e r .
U nder o r d i n a r y  c i r c u m s ta n c e s  t h i s  f a c t  w ou id  e sc a p e  
d e t e c t i o n  s i n c e  th e  s u b s t a n c e w a s  d r i e d  In  a  vacuum p r i o r  
t o  a n a l y s i s  and  a f t e r  i t s  r o t a t o r y  power h ad  b een  d e te r m in e d .  
Thus th e  p o s s i b i l i t y  e x i s t e d  t h a t  th e  o p t i c a l l y  a c t i v e  
s u l p h i l i m l n e  h a d  th e  c o n s t i t u t i o n
H 
I
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w h i l s t  a f t e r  d r y i n g  in  v a c u o # when a m o le c u le  o f  w a te r  was
GOGH
E t
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i t  m ig h t  r e m a in  u n i t e d  by  two s e m i - p o l a r  s i n g l e  v a l e n c i e s
CGGB
C o n s e q u e n t ly ,  J l - s u l p h i l i r a i n e  (,0 *5 B7U ;g * )  was h e a t e d  a t  
9 8 * 5 ° ,'C and  l 6 m .m * '.p re ssu re  f o r  se v e n  h o u r s *  There  was 
a v e r y  s m a l l  i n i t i a l  l o s s  due pfob&b.ly t o  m o is tu r e  
p r e v i o u s l y  a b s o r b e d  f ro m  th e  a i r  b u t  th e  w e ig h t  r e m a in e d  
c o n s t a n t  (0*5870  g * ) f o r  1* h o u rs*  The p r o d u c t  was 
d i v i d e d  i n t o  two p o r t i o n s  one o f  w h ich  (0*2589 g*} was 
a n a l y s e d  show ing  t h a t  i t  had th e  e m p i r i c a l  fo rm u la  
c x 6h x7 c^ 4 c o r r e s p o n d in g  t o  m - c a r b o x y p h e n y l e t h y l s u l p h in e -
D - t o l u e n e s u l p h o n y l i m in e «
Found:*- 0 , 51**85 H* I**8s 5 *9 J S ,  18*05
° l 6 H17°i4I S 2 r e q u i r e s  0 ,  5k *1 * H, l**8f M, I4*01 £ , 38*2 # .
The s e c o n d  p o r t i o n  (0*1276  g . )  h a d  _  5^ 5 ° !
. 5l*6l
r  -| 2 5 °  505°5 ■: r n  ^ 5 °  61*2 °  i n  c h lo ro f o rm  s o l u t i o n ,
W 5 7 B 0  L J U559
( i  ” *2 ® 0 * 6 5 8 0 ) ,  show ing  t h a t  t h e  r o t a t o r y  power was
un changed*  T h is  e s t a b l i s h e s  a lm o s t  beyond  a d o u b t  t h a t
t h e  m o le c u le  o f  th e  o p t i c a l l y  a c t i v e  m ~ c a rb o x y p h e n y le th y l -
\ ,
su lph ine**2~ to iu 6 n 6 S U ^ non^ iraine Boes n o t  c o n t a i n  a 
m o le c u le  o f  w a te r  and  t h a t  i t  d oes  p o s s e s s  a  s e m ip o l a r  
d o u b le  bond*
Complex R o t a t o r y  D i s p e r s i o n , ''
Lowry and  o th e r s ,  h a v e - s u g g e s t e d  t h a t  s u b s ta n c e s
e x h i b i t i n g  com plex r o t a t o r y  d i s p e r s i o n  may c o n t a i n  two
com ponents w i th  d i f f e r e n t  r o t a t o r y  pow ers and  t h a t  an
a d d i t i o n a l  o p t i c a l l y  a c t i v e . c e n t r e  may a r i s e  f ro m  l a b i l e
i n t r a m o l e c u l a r  v a le n c y  c h a n g e s .  S u c h  l a b i l e  v a l e n c y
ch ang es  have  lo n g  been  p o s t u l a t e d  as th e  u n d e r l y i n g  c a u s e s
o f  th e  com plex r o t a t o r y  d i s p e r s i o n  o f . t h e  e s t e r s  d e r i v e d
from  th e  o p t i c a l l y  a c t i v e  s e c o n d a r y  a l c o h o l s  and th e  n -
a l i p h a t i e  e a r b o x y l i c  a c i d s .  Two isodyn& mie form s were
w r i t t e n  ■ , ■
Q .'0
^  . E G < j i ;
G% ■ d q  :
They h a d  d i f f e r e n t  s i g n s  o f  r o t a t i o n  and  d i f f e r e n t  r o t a t o r y  
d i s p e r s i v e  pow ers b u t  t h e i r  r o t a t o r y  d i s p e r s i o n  c u rv e s  
c o u ld  be r e p r o d u c e d  by  p ru d e  e q u a t io n s  c o n t a i n i n g  two 
te rm s  ■ o f  o p p o s i t e  s i g n s #  The f o l l o w i n g  a l t e r n a t i v e  formula** 
t i o n ,  b a se d  on t h e  v iew s a l r e a d y  e x p r e s s e d  i n  t h i s  t h e s i s ,  
a p p e a r s  t o " i n d i c a t e  more f i t t i n g l y  t h a t  an  a d d i t i o n a l  
c e n t r e  o f  asym m etry  may be p r e s e n t ,  e#g* 1~ p - o c t y l  
a c e t a t e  c o u ld  be w r i t t e n
i ,06Hi3 'O H ^  c6Hi 5 - c r CH3 c6h13w CH5 -
i ' ■■ I
0 0 0
_  I , : I I
d .  0 -  C+  0 -  G v  '  + 0 ~ 0 l
I i ,
Ciij CHj CHj
The p r e s e n c e  o f  an  u n s a t u r a t e d  l i n k i n g ,  h o w e v e r ,  does n o t  
n e c e s s a r i l y  g iv e  r i s e  t o  c o m p l e x . . d i s p e r s i o n - s i n c e ‘Kenyon 
and  S n e l lg r o v e  ( J . *  1925# 1 2 7 , 1169) have  shown t h a t  
s e c o n d a r y  a l c o h o l s  c o n t a i n i n g  a v i n y l  g ro u p  e x h i b i t  s im p le
I4I4
b y  Kenyon and .H ew it t  ( J . ,  I 9 2 5 % l£Jl» 109 4^ ) who : showed
t h a t  s e c o n d a ry  a l c o h o l s  c o n t a i n i n g  a p h e n y l  g ro up  a r e
:" i
complex# w h i le  a l i p h a t i c  s e c o n d a r y  a l c o h o l s  a r e  u s u a l l y  . |
s im p le  ( F io k a r d  and  Kenyon ; J . 1911* 2£ ,  U5 * e t  seq  *) . j
I n  view o f  th e  c o m p l ic a te d  n a t u r e  o f  t h e  p rob lem , j
i t  was d e c id e d  to  p r e p a r e  and  r e s o l v e  a s e r i e s  o f  h y d r o -  j
c a rb o n s  h a v in g  r e g a r d  t o  t h e  f o l l o w in g  c o n s i d e r a t i o n s : -
( i )  t h e y  s h o u ld  be o f - s im p le  c o n s t i t u t i o n  and  t
c o n ta in  o n ly  one a sy m m e tr ic  c e n t r e *
( i i )  t h e  o p t i e a l  p r o p e r t i e s  o f  th e  members o f  I
a  s e r i e s  s h o u ld  be compared# \
The s e r i e s  OgHsj *{C.H^)*0H*E was c h o sen  a n d  th e  f i r s t  member 
d l - s e o #- b u ty lb e n z e n e  { # CKj  * )  was p r e p a r e d  and  
r e s o l v e d  by H a r r i s o n ,  Kenyon an d  S h e p h e rd  {J . ,  1 926 , 656)# 
S in c e  t h i s  h y d ro c a rb o n  c o u ld  n o t  be r e s o l v e d  b y  d i r e c t  
c o m b in a t io n  -with an  o p t i c a l l y  a c t i v e  s u b s t a n c e ,  t h e  h y d r o ­
c a rb o n  was n i t r a t e d  and  c o n c e r t e d  i n t o  d l - p - a m i n o - s e c *- 
b u ty lb e n z e n e  by r e d u c t i o n *  T h is  amine was r e s o l v e d  b y  
means o f  d ~ t a r t a r i c  a c i d  y i e l d i n g  d - jo -am in o -sec .*- b u t y l -  
b e n zen e  h a v in g
2 0 °  ^ - , 2 0 °
U 1 + 140*9 3 °  and U 1  +  3 3 .8 6 ° .
—  5I46X 5895
The d - p - a m in o - g e o -b u ty ib e n z e n e  was d i a z o t i s e d  a n d ' t h e
c o r r e s p o n d in g  d iaz o n iu m  c h l o r i d e  o b t a i n e d  was r e d u c e d
i n  aqueou s  s o l u t i o n  t o  th e  r e q u i r e d  d - s e o - b u tv lb e n z e n e
h a v in g  b * p .  I 7 2 0 a n d  fc / l^ 0 + 3 3 * 1 5 ° *
L J  5)461
An e x a m in a t io n  of t h e  r o t a t o r y  powers f o r  l i g h t  o f  o th e r ,  
w a v e - l e n g th s  showed t h a t  th e  h y d ro c a rb o n  e x h i b i t e d  com plex  
r o t a t o r y  d i s p e r s i o n *  These r e s u l t s  a p p e a r  t o  s u p p o r t  t h e  
v iew  t h a t  th e  b en zene  n u c l e u s ,  w h ich  may be c o n s i d e r e d
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ph eh y lm e th an e  was p r e p a r e d  by th e  r e d u c t i o n  o f  (3 •*p h e n y l-  
(3 ~&mylene CgHe v
■ - 7  ' >  Q » CB.OpEc :■
CHj ^  J
o b t a i n e d  b y  t h e  d i s t i l l a t i o n  o f  m e th y l~ n » p ro p e l-* p h e n y ls
■ ea rb in o l.  The h y d ro c a rb o n  was n i t r a t e d  and c o n v e r t e d
i n t o  t h e  d l - j j - a m i n o - d e r i v a t i v e  by  r e d u c t i o n *  The y i e l d s
o b t a i n e d  were v e ry  s m a l l  and  i t  was n o t  fo u n d  p o s s i b l e
t o  r e s o l v e  th e  amine i n t o  i t s  o p t i c a l l y  a c t i v e  com ponents *
Ji-AJriUTi. AHUiii'-i &.£*• JJ w -v j- w** *
Tne p r e p a r a t i o n  o f  m -C h lo ro s u lp h o n y lb e n z o ic  A c id
11 R e so lu tio n  n m -G arboxyphenylethyl Sulphoxide
(a )  by means of B ru c in e .
(b) by means of Q u in id in e . ♦ *
The P re p a ra tio n  of m ~C arboxyphenylethylsulphide 
Dibromide* ~  ... **
The p re p a ra t io n  of d l~m ~Q arboxyphenylethy lsu lph lne* 
£<-tolUenesulphony lim ine  **
The R e so lu tio n  of ^ ^ m -C a rb o x y p h e n y le th y lsu lp h ln e -  
p -toX uenesulphonylim ine
(a )  by means of B rucine .
(b) by means of O inchonldine and S try c h n in e .
The p re p a ra t io n  of ja -T o lu en esu lp h ln lc  Acid *»
The £repax»ation of £ - lo lu e n e s u lp h in y l  C h loride
The p re p a ra t io n  of M eth y l^ jc -to lu en esu lp h in a te
The p re p a ra t io n  of l^D im eth y lam in o -i^ -m eth y l- 
d ip h e n y l Sulphoxide * .*
*
Thd p re p a ra t io n  of M ethyl~n~propylphenyl G arb ino l
h tt
R
« m -T h lo lb en z  o ic  A c id  *«
n m - E t h y l th i o l b e n z o ic  A c id  . .
11 m -C arboxypheny le  t h y  1 S u lp h o x id e
u
n
it
«
n p ^Phenyl** p -A m ylene  
H Me t h y iu n - p r o p y l - p h e n y l - m e th a n e  
t! Ms t h y l - n -  p r o p y l 1- p - n i t r o p h e n y l *
m ethane #
T.txiit JTXUit X '.tu v ra . X V O .. V*,JU— t u -
8 ta g e  I *'
m-c h lo ro s u Ip h o n y lb e .n 20 I g A o id  (S m ile s  a n d  S t e w a r t ,  J # ,
1 9 2 1 ,  1 1 9  > 3 -7 9 2 ) .
co-3h ; /C o  2h
( A  C1 -S0,H
I i - — L ->'>v /  \ ^ S O a Gl *
B e n z o ic  a c i d  (^ 0 0  g*} was added  t o  c h lo r o s u lp h o n i c  a c i d  
( l k k 5 g •) &nd th e  m ix tu re  was h e a t e d  a t  125° f o r  l a b o u r s *  
The c o o le d  l i q u i d  was c a r e f u l l y  p o u re d  on t o  a  l a r g e  
q u a n t i t y  o f  c r u s h e d  i c e ,  when th e  m - e h lo r o s u lp h o n y lb e n z o ic  
a c i d  s e p a r a t e d  , a s  a  cream y w h i te  s o l i d *  I t  was b ro k e n  u p  
u n d e r  w a t e r ,  f i l t e r e d ,  w a sh e d , d r i e d ,  and  r e  c r y s t a l l i s e d  
fro m  h o t  benzene*  I t  t h e n  h a d  ra*p* 0 and  w e ig h ed
387 g .  Y ie ld
S t a g e
R e d u c t io n  o f  m-O h lo r o s u lp h o n y ib e n z o ic  a c i d  t o  na« 
— —  x h i o l b e n z o i c  Acid*
OO ^li "  P°pH
1 \
^ J s 0 2 C l .  k P s H .
To a s o l u t i o n  of m - c h lo r o s u lp h o n y lb e n z o ic  a c i d  (80  g*) 
i n  warm g l a c i a l  a c e t i c  a c i d  (500  c . c * )  h e a t e d  on a s te a m  
b a t h ,  z in c  d u s t ,  t o g e t h e r  w i t h  s u f f i c i e n t  h y d r o c h l o r i c  
a c i d  t o  m a i n t a i n  a  v ig o ro u s  r e a c t i o n ,  was a d d e d  In  s m a l l  
q u a n t i t i e s  a t  a  t im e  o v e r  a  p e r i o d  o f  1* h o u r s *  A w h i te  
s u b s t a n c e  s e p a r a t e d ,  w h ich  r e - d i s s o l v e d  n e a r  t h e  end o f  
t h e  r e a c t i o n ,  l e a v i n g  a s l i g h t l y  t u r b i d  s o l u t i o n *  A f t e r  
6 o r  7 h o u rs  th e  s o l u t i o n  was f i l t e r e d  t h r o u g h  g l a s s  w ool
h a d  m.p* l i | 6 °  * II470 C and  w eighed  66 g .  Y i e ld  80 ^ .
4 *  mm «n» mwf ■>»«» «*>«■!-
I t  was fo u n d  t h a t  when m - c h lo r o s u lp h o n y lb e n ^ o ic  
a c i d  was r e d u c e d  i n  t h i s  m anner, a  h a r d  w h i te  s o l i d  was 
o c c a s i o n a l l y  p r e c i p i t a t e d  d u r i n g  th e  c o u rs e  o f  th e  r e a c t i o n ,  
w h ich  c o u ld  n o t  he made to  d i s s o l v e  by p r o lo n g e d  h e a t in g *
I t  was i s o l a t e d  a n d  i d e n t i f i e d  as  m - d i th io lb e n s s o ie  a c i d  
a s  f o l l o w s i ~
( a )  J t  had  m*p* 2I450 *
w  A p o r t i o n  was d i s s o l v e d  i n  c a u s t i c  so d a  s o l u t i o n ,  
h y d r o c h l o r i c  a c i d  was ad d ed  and  t h e  p r e c i p i t a t e  
o b t a i n e d  rem oved  by  f i l t r a t i o n *  I t  was fo u n d  
t h a t  th e  f i l t r a t e  c o n ta in e d  no  z i n c  a n d  t h a t  
t h e  m*p* of t h e  p r e c i p i t a t e  was 2I4.50 ,
(o )  Some m - d i t h i o l b e n z o i c  a c i d  was p r e p a r e d  by th e
m ethod  o f  S m i le s  and S t e w a r t  ( lo o *  c i t . )  and a 
m ixed m e l t in g  p o i n t  was t a k e n .  The r e s u l t  
{2I1.50 ) c o n f i rm e d  t h e  v iew  t h a t  t h e  w h i te  
s u b s ta n c e  was th e  d i s u l p h i d e *
.(d)/ The s u b s ta n c e  was d i s s o l v e d  i n  e x c e s s  o f  c a u s t i c  
so d a  s o l u t i o n  and  two m o le c u la r  p r o p o r t i o n s  of 
d im e th y l  s u l p h a t e  w ere  added* The m ix tu r e  was 
sh a k e n  f o r  one h o u r  and  t h e n  f i l t e r e d *  The 
f i l t r a t e  was a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  
and  th e  p r e c i p i t a t e  o b t a i n e d  was f i l t e r e d ,  d r i e d ,  
r © c r y s t a l l i s e d  from  a l c o h o l  a n d  t h e n  had  m .p*129° -  
l J O 0 , a n d  was p ro v ed  t o  be m - m e th y l th io lb e n x o io  
a c i d  b y  d i r e c t  c o m p a r i s o n 'w i t h - a n  a u t h e n t i c  
sp e c im en  o f  t h a t  s u b s t a n c e .
t h e s e  c o n d i t i o n s  by  rn ~ d i th lQ lb e n z o Ic  a c id #
I t  was c o n v e r t e d  i n t o  m - th l o l b e n z o io  a c i d  by 
h e a t i n g  on a steam«*bath w i t h  c a u s t i c  so d a  
s o l u t i o n  and e i t h e r  ( I )  s i n e  d u s t  o r  ( i i )  
g lu c o s e  u n t i l  t h e  p r e c i p i t a t e  o b t a i n e d  by  .
a d d in g  h y d r o c h l o r i c  a c i d  t o  a  p o r t i o n  o f  
th e  r e a c t i o n  m ix tu r e  was c o m p le te ly  s o l u b l e  
i n  a l c o h o l*  The m - t h l o l b e n s o i c  a c i d  was 
p r e c i p i t a t e d  b y  means o f  h y d r o c h l o r i c  a c i d ,  
w ashed  w i t h  c o ld  w a te r  and  f i l t e r e d  * When 
r e  c r y s t a l l i s e d  f ro m  aqueous a l c o h o l  i t  had  
m .p .  li+6° -  111?0 .
S in c e  m » d i th io lb e n 2 o lo  a c i d  can  be r e d u c e d  
i n  a c e t i c  a c i d  s o l u t i o n  by  means o f  z i n c ,  I t s  p r e c i p i t a t i o n  
d u r i n g  th e  c o u rs e  o f  s e v e r a l  o f  t h e  r e d u c t i o n s  s u g g e s t s  
t h a t ,  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  em p lo y ed , i t  
fo rm s  an I n t e r m e d i a t e  s t a g e  i n  th e  r e d u c t i o n  o f  m~ 
e h l o r  © su lp h o n y l  ben z o ic  a c i d ,  r a t h e r  th a n  t h a t  i t  a r i s e s  
t h r o u g h  a tm o s p h e r ic  o x i d a t i o n  o f  t h e  t h i o l  a c id *
The P r e p a r a t i o n  o f  m-E t h y l t h i o l b e n z o i c  A c i d *
T h is  compound I s  n o t  d e s c r i b e d  i n  th e  l i t e r a t u r e  
and  s e v e r a l  a t t e m p t s  w ere  made t o  e t h y l a t e  m - th i o l b e n z o ic  
a c i d  b e f o r e  a  s u c c e s s f u l  p ro c e d u re  was f o u n d .  These a re  
b r i e f l y  d e s c r i b e d  b e lo w : -  
Method A* ( u n s u c c e s s f u l ) *
To a  s o l u t i o n  o f  r a - t h l o lb e n z o i c  a c i d  0 0 * 8  g* ) d i s s o l v e d  
i n  a l c o h o l  ( 1Q0 c # c . )  a  s o l u t i o n  o f  sod ium  (14*6 g . )  In  
e t h y l  a l c o h o l  (1 0 0  e . e # )  was added# E t h y l  brom ide (21  g . )
p o u re d  i n t o  d i l u t e  c a u s t i c  soda*  The i n s o l u b l e  p o r t i o n  
was e x t r a c t e d  w i t h  e t h e r  and  th e  e t h e r  rem oved from  th e  
aq u eo u s  p o r t i o n  by the  p a s s a g e  o f  a i r *  The aqueous 
p o r t i o n  was t h e n  a c i d i f i e d  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  and  th e  c r y s t a l l i n e  p r e c i p i t a t e  o b t a i n e d  was f i l t e r e d  
o f f *  A f t e r  r e  c r y s t a l l i s i n g  from  a l c o h o l  u n t i l  no  f u r t h e r  
change in  i t s  m.p* was p ro d u c e d  i t  h a d  m*p. 9 9 °  ~ 1 0 0 ° .
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and w e igh ed  20  g*
A n a ly s i s  *
(a )  0*5066 g* s u b s ta n c e  r e q u i r e d  17*1 c*c* 0*115$ N 
p o ta s s iu m  h y d ro x id e  f o r  c o m p le te  n e u t r a l i s a t i o n ;  0 .IqBlqii. g* 
r e q u i r e d  16*6 c * c .  M o le c u la r  w e ig h t  2 5 5 *7 # 25*4*6 * C a l ­
c u l a t e d  f o r  m - e t h y l t h i o l b e n z o i c  a c i d  1 8 2 . The p r o d u c t  
was n o t  f u r t h e r  i n v e s t i g a t e d * .  j
Method B« ( u n s u c c e s s f u l ) *
When p o ta s s iu m  e t h y l  s u l p h a t e  was u s e d  a s  th e  
e t h y 1 a t i n g  a g e n t  th e  a c i d  was r e c o v e r e d  u n c h a n g e d .  |
Method Q. ( s u c c e s s f u l ) .  ;
m -T h io lb e n s o ic  a c i d  ( 7 8 . g . )  d i s s o l v e d  i n  10^  aqueou s  sodium  !
h y d r o x id e  (1000  c * c . ) ,  was m ixed  w i t h  a s o l u t i o n  o f  e t h y l  )
£ - t o l u e n e s u l p h o n a t e  (200  g . )  i n  e t h y l  a l c o h o l  (50O c . c . )  |
and  th e  whole h e a t e d  t inde r  r e f l u x  on a s te a m  b a t h  f o r  6 -8  
h o u r s *  The a c t i o n  was c o m p le te  when no  p r e c i p i t a t e  
a p p e a r e d  on p o u r in g  a  p o r t i o n  o f  th e  r e a c t i o n  m ix tu r e  i n t o  i
w a te r*  The l i q u i d  was t h e n  f i l t e r e d  and  th e  m - e t h y l -  |
t h i o l b e n s o i c  a c i d  p r e c i p i t a t e d  from  i t  by t h e  a d d i t i o n ' I
o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id *  I t  was w ashed w i t h  
c o ld  w a te r  and  r e  c r y s t a l l i s e d  tw ic e  f ro m  aqu eo us  a l c o h o l .
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M o le c u la r  w e ig h t  l 8 i  *' C a l c u l a t e d  f o r  m - e th y l  t h i o l  "ben z o i c  
a c i d  {C ^H ^SO ^), 182*
The O x id a t io n  o f  m~B t h y l t h i o l b e n x o i c  A c id  
. t o  d 1 -  m~0a rb  oxypheny 1 e t h y l  s u lp h o x id e  . .
The o x i d a t i o n  o f  m - e t h y l t h i o l b e n g o i c  a c i d  t o  
t h e  c o r r e s p o n d in g  s u lp h o x id e  p r e s e n t e d  some d i f f i c u l t y  
and  s e v e r a l  r e a g e n t s  were t r i e d  b e fo r e  a  s a t i s f a c t o r y  
r e s u l t  was o b t a i n e d .  A b r i e f  a c c o u n t  o f  t h e s e  
e x p e r im e n t s  i s  g iv e n  b e lo w :-
(1 )  m « E th y l th io lb e n 2 o ie  a c i d  ( J2  g . )  was d i s s o l v e d  
i n  a  s o l u t i o n  o f  p o ta s s iu m  c a r b o n a te  0 7  &*) i n  w a te r  
(250 c . c # ) *  H ydrogen p e r o x i d e . (M erck*s f e r h y d r o l )
(28 g* ) was a d d e d  v e r y  s l o w l y  w i t h  c o n t in u o u s  s t i r r i n g .  
The t e m p e r a tu r e  was n o t  a l lo w e d  t o  r i s e  above 6 o °  C*
The a d d i t i o n  o f  h y d ro g e n  p e r o x id e  i n q u i r e d  a b o u t  t e n  
m i n u t e s .  The s o l u t i o n  was c o o le d ,  f i l t e r e d ,  and  made 
j u s t  a c i d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The 
p r e c i p i t a t e  o f  w h i te  g l i s t e n i n g  p l a t e s  was w ashed w i t h  
w a te r  a n d ; a f t e r  d r y i n g  had  m.p* 162°  * I6I40 . *
O .2680 g .  r e q u i r e d  f o r  co m p le te  n e u t r a l i s a t i o n  11*00 c . c .  
0*1138 H* p o ta s s iu m  h y d r o x i d e .  M o le c u la r  w e ig h t  i s  2 1 0 .
(2 ) m - E t h y l th i o l b e n x o i c  a c i d  (1 8  g . )  was d i s s o l v e d  i n  
a c e to n e  0 0  c . c . )  and h y d ro g e n  p e r o x id e  {M erckfs p e r h y d r o l )
c o o le d  i n  i c e .  The a c e to n e  was th e n  rem oved by  d i s t i l l a ­
t i o n ,  t h e  r e s i d u e  m ixed w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c
S ta g e  U«
C a l c u l a t e d  f o r  m -c a rb o x y p h e n y l  e t h y l  su lp h o n e  (Cj H^qSO^) 21I4 
(16  g . )  was a d d e d  s lo w ly  w i t h  s h a k in g  and  th e  whole was
p r o b a b l y  c a r  boxy p h e n y l  e t h y l  s u l  phone w i t h  t r a c e s  o f
th e  r e q u i r e d  m -c a rb o x y p h e n y l  e t h y l  s u lp h o x id e *
(5 ) m - E t h y l th i o l b e n z o ie  a c i d  (7 g . )  was d i s s o l v e d  in  
c h lo ro f o rm  (100 c . c . )  and brom ine  (6  g . )  was a d d e d % 
c a u s t i c  soda  s o l u t i o n  was t h e n  added  u n t i l ,  a f t e r  a c i d i f y ­
in g  w i t h  h y d r o c h l o r i c  a c i d ,  a s u b s ta n c e  m .p .  85°  was 
o b t a i n e d .  I t  was fo u n d  t o  c o n t a i n  b ro m in e .
■ | n  a s e c o n d  e x p e r im e n t  m - e t h y l t h i o r b e n z o i c  a c i d  \ ***
(9  g . )  was d i s s o l v e d  i n  c a rb o n  b i s u l p h i d e  { 1 0 0 .c . c . )  and  
b ro m in e  ( i j g . )  was a d d e d ,  when r e d  c r y s t a l s  o f  th e  d i -  
b rom ide  s e p a r a t e d ,  h a v in g  m .p .  100°  -  102° .  On a d d i t i o n  
o f  >.*ydrochloric a c i d  t o  a  s o l u t i o n  o f  t h i s  s u b s ta n c e  In  
sod ium  h y d r o x id e ,  a w h i t e  pow der-m .p# 8o °  -  9 0 °  was 
o b ta in e d *  I t  c o n ta in e d  no brom ine ♦
<u> A t te m p ts ,  u s i n g  sodium  h y p o c h l o r i t e  and  h y p o b ro m ite  
w ere  a l s o  u n s u c c e s s f u l .  .
( 5 ) m - E t h y l t h i o l b e n a o i c  a c i d  ( 12#5 g*) was d i s s o l v e d  
in  t u r p e n t i n e  {$00 c . c . )  and  a i r  was p a s s e d  th r o u g h  th e
s o l u t i o n  f o r  2I4 h o u r s .  The o i l  was w ashed  w i t h  p o ta s s iu m
c a r b o n a te  s o l u t i o n  w h ic h  was th e n  e x t r a c t e d  w i t h  e t h e r *
The e t h e r  r e m a in in g  i n  th e  aqueous  p o r t i o n  was rem oved by  
a c u r r e n t  o f  a i r .  T h is  a l k a l i n e  s o l u t i o n  was a c i d i f i e d  
and  gave  a v e r y  s m a l l  p r e c i p i t a t e .  The t u r p e n t i n e  was 
d i s t i l l e d  i n  a c u r r e n t  o f  s te a m ,  b u t  n o t h i n g  was o b t a i n e d  
b u t  a  brown m a s s .
(6 )  The m ost s a t i s f a c t o r y  m ethod  o f  o x i d a t i o n  was as  
f o l l o w s  J -
e t h v l t h i o l b e n z o i c  a c i d  h ad  d i s s o l v e d .  The s o l u t i o n  wasv.
t h e n  c o o le d ,  f i l t e r e d ,  and. e x t r a c t e d  w i t h  c h lo ro fo rm *
The ch loroform  s o l u t i o n  was d r i e d  by-means o f  c a lc iu m  
c h l o r i d e  and th e  c h lo ro fo rm  was rem oved by d i s t i l l a t i o n *  
The r e s i d u a l  s u lp h o x id e  was c r y s t a l l i s e d  e i t h e r  from  
b en zen e  o r  from  a m ix tu r e  o f  c h lo r o f o rm  and  p e t ro le u m  
e t h e r  and t h e n  had  m.p* 104° -  loS° &nd w e igh ed  5 ^ 'S *
Y ie ld  60%. ■
: A n a ly s is  *
Founds 0 5k*5* H, l 6 .2  % ^ i q S ®5 r e q u i r e s
Q» 5U*5* •• Hf 5*0; •; s ,  16*1$.
G*5q20 g .  r e q u ir e d  f o r  co m p le te  n e u t r a l i s a t i o n  21*8  c . c .  
O . I I 5 8  K* p o ta s s iu m  h y d r o x i d e .  M o le c u la r  w e ig h t  i s  198*8 
C a l c u l a t e d  f o r  m*oarboxyphenyl' e t h y l  s u lp h o x id e  (Cj H^qSOj  ) 
1 9 8 .
d l~m »C ardo x jp h e ny  1 e t h y l  s u lp h o x id e  was fo u n d  t o  he 
m o d e r a te l y  s o l u b l e  i n  h o t  w a t e r ,  more e a s i l y  s o l u b l e  i n  
warm a l c o h o l ,  a c e to n e  o r  c h lo ro f o r m  and  f a i r l y  s o l u b l e  
i n  warm b en zen e  and  c o ld  c h lo ro fo rm  a n d  c o l d  a l c o h o l*
I t  w a s ' p r a c t i c a l l y  I n s o l u b l e  i n  e t h e r  o r  p e t r o le u m  e t h e r .
The R e s o l u t i o n  o f  d l-m -C a rb o x y p h en y 1 e t h y l  s u l p h o x i d e *
( a )  By means o f  B ru c in e *  
d l - m ~carboxypheny1 e t h y l  s u lp h o x id e  { ^ l 'g * )  and b r u c i n e  
(10 0  g . )  w ere d i s s o l v e d  in  h o t  a c e to n e  and  th e  c r y s t a l l i n e  
m a t e r i a l  - r o s e t t e s  o f  f i n e  n e e d l e s  m .p .  9 8 °  -  100° » 
w h i c h ' s e p a r a t e d  on c o o l i n g ,  was rem oved  by f i l t r a t i o n *
The f i l t r a t e  was c o n c e n t r a t e d  t o  q u a r t e r  b u lk  and  th e
5k
t h e  b r u c in e  s a l t ,  f rom  w h ich  i t  i s  e v i d e n t  t h a t  a c e to n e  
I s  u n s u i t a b l e  f o r  e f f e c t i n g  t h e  c o m p le te  s e p a r a t i o n  o f  
t h e  d~A, d -B , and -,1-A , ,1-B s a l t s .
The s a l t  was t h e r e f o r e  d i s s o l v e d  i n  h o t  e t h y l  
a l c o h o l  {120 c# c*) a n d  th e  c ro p  o f  c r y s t a l s  o b t a i n e d  on 
c o o l i n g  th e  s o l u t i o n  ( a b o u t  5 0 g* o f  m*p. 105° ~ 115°) 
was f i l t e r e d  o f f .  The f i l t r a t e  was c o n c e n t r a t e d  when a 
f u r t h e r  c ro p  o f  c r y s t a l s  ( a b o u t  10 g . ) s e p a r a t e d  on 
s t a n d in g *  The bxm cine s a l t  s e p a r a t e d  i n  l a r g e  t r a n s ­
p a r e n t  rhombs w h ic h ,  a f t e r  d e s i c c a t i o n ,  m e l t e d  a t  125° ~ 
126°  w i th  d e c o m p o s i t I o n .  The c o u rse  o f  th e  f r a c t i o n a l
c r y s t a l l i s a t i o n  and th e  r e s u l t s  o b t a i n e d  a r e  b e s t  shown 
i n  th e  f o l lo w in g  c h a r t#  A l l  d e t e r m i n a t i o n s  o f  th e  
r o t a t o r y  powers o f  th e  s u lp h o x id e  and o f  th e  b r u c in e  s a l t  
t o  a s c e r t a i n  t h e  c o u rs e  o f  th e  r e s o l u t i o n  were made ' i n  . 
c h lo r o fo r m  s o l u t i o n  a t  2 o °  C (C e 1 * 2 . ) .
—  V - ' *  ~  ' L ’~ J  J - J  w * - * . ^  -*• M  W . J .  j y i  J .  J - V . t ' i '  \  ^  J L  g  *  ^  t
± B r u c in e  (1 0 0  g*} d i s s o l v e d  i n  E t h y l  A lc o h o l  
c .c * ) *
/?*
A (50  g*} 
m .p .  105°  -  115°W5Wl - ls-5° 
_________
B (51  g . )  F i l t r a t e
m .p .  115° -  120° 
jy l  -  1 0 .6 °
5U6l  ^
0 (19 g*) F i l t r a t e  
m .p .  12l*° “  126°
51+61 + 2
o
\
D (15 g . ) ; F i l t r a t e v. 
m .p . 129° -  l J c A
E ( 1 1 .0  g . )  F i l t r a t e  
m .p .  110°, -  III40
M , k 6 l  + 56°
\
F (6*8 g . )  F i l t r a t e
ra.o* 1 0 0 °  •  102°
W g ° 6 i  + 7 ° °  
( 1 - 2 ;  0 - 2 .
F i l t r a t e
0 (21  g . )  F i l t r a t e  p n
W  + 5 6 °
L J 5 l |6 l
\
F i l t r a t e  ( c o n c e n t r a t e d )
• p .  9 6 ° -  9 8 °
E* A F i l t r a t e  
S u lp h o x id e  
o b t a i n e d
( 6 . g . )
M & 6 1 -
F i l t r a t e  
added  t o  
B. F i X t .
F i l t r a t e  *
S u lp h o x id e  
o b t a i n e d  
U*6 g . )
r j i  s ■> B° L*J 51461
F i l t r a t e
En F i l t r a t e . 
S u lp h o x id e  
o b t a i n e d  
( 5 »U g»)
J l  , + 5 2 0 
- i J 5h £ l  '
F i l t r a t e  # 
S u lp h o x id e  
o b t a i n e d
(2*5 «•).
+  1QG0
F i l t r a t e
( c o n c e n t r a t e d )
Sodium h y d ro x id e ',  
s o l u t i o n  (6 0  c#e*) 
was a d d e d ,  t h e  
b ru c  ine
p r e c i p i t a t e d  was 
f i l t e r e d  o f f ,  
and  th e  r e m a in d e r  
e x t r a c t e d  w i t h  
c h lo ro fo rm #
The f i l t r a t e  was 
a c i d i f i e d  w i th  
h y d r o c h l o r i c  a c i d  
and t h e  s u lp h o x id e  
l i b e r a t e d  was 
e x t r a c t e d  w i t h  
c h lo r o f o rm  (5 
t i m e s ) . The 
c h lo ro fo rm  
s o l u t i o n  was 
d r i e d  by  means 
o f  c a lc iu m  
c h l o r i d e  and  
th e  c h lo ro fo rm  
rem oved  b y  
d i s t i l l a t i o n *
The s u lp h o x id e  
r e m a in in g  was 
c r y s t a l l i s e d  
from  b en zen e  
(100  c . c * )  and  
w e ig h ed  52  g *
i J 5kLl6l
-  59 o
56
L<*J 51*61
(1  = 2 ;  o « 2 .
rrt!H F i l t r a t e
M
m  .^ r-m -C arb o x y p laen y l e t h y  1 s u lp h o x id e  (27#5 g*) 
*” 4-B r a e in e  (55 SO- d i s s o l v e d  i n  e t h y l
a l c o h o l  (50  c*c*)*
Jri*
.i2 (+h"I
IT
£
m . p .  1 2 5 ° -1 2 6 °
M 5 W i + 5 5 °
\
_
r *  (10*5 s O
rg*p* lOO0 '* 102° 
r -.20° / ^ 
W 5i,6i + 6 9 0
a f t e r  d r y i n g  f o r  
t h r e e  d ays  #
F i l t r a t e ,  y i e l d e d  
12*6 g* S u lp h o x id e
M 51*61” 68-5 °
1b2  (  + H" f l l t . ( l ) ]  F i l t r a t e ,  y i e l d e d
8*5) g* S u lp h o x id e
'51*61
F i l t r a t e ,  y i e l d e d  
7*5 g* S u lp h o x id e
*■ -*51*61
1F i l t r a t e ,  y i e l d e d  
6*1 g* S u lp h o x id e
^ 5 1 * 6 1
F i l t r a t e ,  y i e l d e d  
5*0 g* S u lp h o x id e
[ -1 1 ,6 1  + 8 ° °
F i l t r a t e ,  y i e l d e d  
1*6 g* S u lp h o x id e
[ 0  + 1 5 8 °
L 51*61
57
W 6 r © ' Q .X SS O X V S U  XII . w a v e r  a r iu  . st u i x m < o  o  u i u u x u a  y i  i s u u i u u i
by f i l t r a t i o n ,  w h i l s t  t h a t  r e m a in in g  i n  th e  s o l u t i o n  was 
rem oved  by  e x t r a c t i n g  t h r e e  t im e s  w i t h  c h lo ro fo rm *  The 
f i l t r a t e  c o n t a i n i n g  th e  sodium  s a l t  o f  t h e  d^su lphox id©  
was th e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  and th e
s u lp h o x id e  l i b e r a t e d  was e x t r a c t e d  f i v e  t im e s  w i t h  
c h lo ro fo rm *  The p r o d u c t  o b t a i n e d  on t h e  rem o v a l  o f  th e  
c h lo ro fo rm  by d i s t i l l a t i o n  was th o r o u g h ly  d r i e d  a n d  had  
m.p* ? 1°  and  w e ig h ed  6 g .  Y ie ld  60%*
s o l u t i o n *
The s p e c i f i c  r o t a t o r y  powers o f  d~ m ~carboxypheny l e t h y l  
s u lp h o x id e  i n  v a r i o u s  s o l v e n t s  a t  2 5 °  0 a r e  g iv e n  i n  
T ab le  I ,  pages t o .  ■ ■
i n  a  h o t  m ix tu re  o f  m e th y l  a l c o h o l  and a c e to n e  (6o  c * c . )
The c o u rs e  o f  th e  f r a c t i o n a l  c r y s t a l l i s a t i o n  I s  shown on i 
t h e  accom pany ing  c h a r t  VI ( 1 )*
( i i )  A m ix tu re  o f  d l - m - c a r b o x y p h e n y le th y l s u I p h o x id e  {58*7 g *3 
and  s t r y c h n i n e  {60 g* ) was t r e a t e d  i n  a s i m i l a r  m anner and  
t h e  r e s u l t s  a r e  a l s o  shown on t h e  c h a r t  (V I (2 ) .
h y d r o x id e  a d d e d .  The p r e c i p i t a t e d  b r u c i n e  was rem oved
I t  h a d  f j Y ^ 0 +  2 p 6°  (1  = 2 5 0 -  2*2300} i n  c h lo ro fo rm
pi|. v i
THE KBS PLOT I  OH OF d l -m -  CAKBOXY FHKBYbBTHYISO LFHOXIDE ( c o n t d . )
(b )  An a t t e m p t  by  means o f  s t r y c h n i n e .
A d l-m * O arbo xyp heny l e t h y l  s u lp h o x id e  W 5U6x'  6 8 *5 
(A^ f l i t * )  (12*8  g*) a n d  s t r y c h n i n e  (22 g . )  were d i s s o l v e d  
a n d  th e  c r y s t a l s  o b t a i n e d  on c o o l i n g  were f i l t e r e d  o f f
f i l t r a t e  C h a r t  V , W  ^ S l -  l ^ . o  g . |
a n d  s t r y c h n i n e  {22 g*} d i s s o l v e d  in  m e th y l  
a l c o h o l  and  a c e to n e  (60  c . c * ) .
r
A F i l t r a t e ,  y i e l d e d
m .p .  190° -  193° s u lp h o x id e  (lp.li g . )
Q ] 2 ° °  -  1 X 8 °
5I48I
B P i l t r a t e ,  y i e l d e d
m .o .  1930 -  196° s u lp h o x id e  ( 1 . 8  g . )
20 0  - 1 0 8 °
M  51461
1 ■
' c
m .p .  195°
\
-  197° 
\
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  (1*0  g . )
r  ^ 2 0 °  qc o
M  s r ~  8 5L J 5i|.6l
D
m .p .  195° 
\
-  1970
\
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  ( 0 .7  g . )  
r n  2 0 °  tjtjO
W 5 W 1  7 d
r " r 
. £
m.p* I 9 5 0
• • \
-  197°  
\
; F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  {0.I4 g . )
1—
F
\
F i I t r a t e ,  y i e I d e d  
s u lp h o x id e  (0*95 g*)
r ~\ 2 0 °  o^OM 5661 ‘ 5
d F i l t r a t e ,  y i e l d e d  -
a u lp h o x id e  ( 0 . 6  g . )
p  n 20°  , rfO
H  51,61 7
(2 ) d l - S u lp h o x id e  (38.7 g . ) -t S t r y c h n in e  (6o g . )  d i s s o l v e d  
i n  m e th y l  a l c o h o l  a n d  a c e to n e  (250 c . c . )
r i—7—" --------------- ;------------------- :—I
A { + a ,  a b o v e )  F i l t r a t e ,  y i e l d e d
^  m .p .  193° -  I9JE4.0 s u lp h o x id e  (12.8 g . )
\
r — --------------------------- :------------” 1
B F i l t r a t e ,  y i e l d e d
m .p .  197° s u lp h o x id e  ( 5 .9  g . )
W * 6 l -  6°
59
■A F i l t r a t e
B
A.
G
m .p .  197°  ■.
S m a ll ,  i l l -  
d e f i n e d  p r ism s
r r ^D
nup o
XTh
• iF -
C r y s t a l l i s e d  s lo w ly  
S i l k y  n e e d l e s .
A.■HFG orrup* 2 0 1 °  *• &
If7 " ' n 
m*p« 201 — 202
\
m p* 2 0 1 °  -  202 o
On d e c o m p o s i t io n  i n  t h e  
u s u a l  manner & gave 
s u lp h o x id e  (0 J4  g* )  w i t h
^  2 0 °  <
f k l  4- 14 b i n  ch lorox 'orm
L J  5)461
(1 s  2 j  c -  2 *0 )  *
 1
F i l t r a t e
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  (I4»1 g , )
p ] 2 0 °  > 5 °
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  (0*8  g O
M 2 o °  + 6 . 5 °
L 5I461
F i l t r a t e ,  y i e l d e d  
s u Ip h o x id e  (1 * 6 g * ’ 
^ /2 0 °  + 5 7 °
5146!
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  {1*0 g * ] 
Z 0°  . — o+  55
F i l t r a t e , y i e l d e d  
s u lp h o x id e  (0*7 g *' 
2 0 °  « - - o
c l | +
5I461
— n
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  (0*p g
M 20° +118°
L J  5I461
F i l t r a t e ,  y i e l d e d  
s u lp h o x id e  ( 2 ,h  g
200 + 1 1 9 0
h i  51*61
w i t h
w i t h
w i th
w i t h
w i t h
) w i t h
) w i t h
60
ii
a l k a 1 o id  f o r  e f f e c  t i n g  th e  r e  s o l u t  io n  o f  d l~ m ~ carb oxy pheny l
e t h y l  s u l p h o x i d e , _
( c )  An A tte m p t  by means o f  c i n c h o n l d i n e  . a, m ix tu re  
o f  m ~ c a r b o x y p h e n y l  e t h y l  s u lp h o x id e  ( l p *6 g#) •  6U
L J 5U61
and  c i n c h o n l d i n e / (18*5 ■ S * ) fias d i s s o l v e d  i n  h o t  a c e to n e *  j
b u t  no  c r y s t a l s  .were fo rm ed on c o o l in g #  ’The a c e to n e  was 
rem oved  by  d i s t i l l a t i o n  and th e  c in c h o n ld i n e  s a l t  r e m a in ­
i n g  was d i s s o l v e d  i n  warm benzene*  The c ro p  o f  c r y s t a l s  
o b t a i n e d  on c o o l in g  was f i l t e r e d  o f f#  The c o u rse  o f  th e  
f r a c t i o n a l  c r y s t a l l i s a t i o n  and th e  r e s u l t s  o b t a in e d  a r e  
s h o r n  on t h e  f o l lo w in g  c h a r t#  A l l  d e t e r m i n a t i o n s  o f  th e  
r o t a t o r y  pow ers o f  t h e  s u lp h o x id e  and o f  th e  c in c h o n ld in e  
s a l t  t o  a s c e r t a i n  th e  c o u rs e  o f  t h e  r e s o l u t i o n  were made 
in  c h lo ro fo rm  s o l u t i o n  a t  2 0 °  G (0  * 1*251 1 - 2 .)*
1 + d l -m -C a rb o x y p h e n y l  e t h y l  s u lp h o x id e  ( l-j ,'o g . )  
“  „ 2 0°M ♦4 -h C in c h o n ld in e  ( 18*5 g*)5I461
d i s s o l v e d  In  benzene  (100  c * c . )
& ( 3*5 E i )
m .p . 195 o m o
r<*i2 0 °  - 1770
5I461
V ________
B (2«5 g*) F i l t r a t e  
m.p* 198°
[ , ] 2 0 °  -  91°
0 (1*5 g *5
m.p* 198
w iU6l
On d e c o m p o s i t io n  in  
th e  u s u a l  manner gave 
s u lp h o x id e  (0*5 g*) ’with.
r . i ^ ° °  4  8 °
^ ^ 5 1 1 6 1 .
( 1 * 2 ;  0 * 2 * 5 0 ) .
F i l t r a t e ,  l e f t  t o  
de p o s i  t  more c r y s t a I s
A F i l t r a t e  
B* f i l t r a t e  
y i e l d e d  s u lp h o x id e  
O4.O g . )  w i t h
20
1 2 5
o
F i l t r a t e  y i e l d e d  
s u lp h o x id e  (0*3 g . )  
w i t h  (V I20  -  108° 
L 5^61
From th e  above r e s u l t s  i t  i s  c l e a r  t h a t  c in c h o n ld i n e  
i s  n o t  a s u i t a b l e  a l k a l o i d  f o r  e f f e c t i n g  a s e p a r a t i o n  
o f  d* a n d  JL*m- c a r  boxy  p h e n y l  e t h y l  s u lp h o x id e  s . •
e t h y l  sulpiaoxxa© rrora  x  t m  ~ ra ~ uaA-u  ^A.v }JXic;xity xc uii.v ju—
s u lp h o x id e  by  t a k i n g  a d v a n ta g e  o f  th e  f a c t  t h a t  th e  1 -  
s u lp h o x id e  i s  much more s o l u b l e  i n  b e n ze n e  t h a n  th e  d l~  
s u lp h o x id e *  The. r e  s u i t s  a r e  shown i n  C h a r t  V I I I .
%
%
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i  ^  ^ ~ m ~ O a rb o x y p h en y l  e t h y l  s u lp h o x id e  (52 g . )  w i t h  
120° _ [ 0 °  i n  c h lo r o f o r m ,  f ro m  th e  more
KJ:j I40I s o l u b l e  b r u c in e  s a l t ,  d i s s o l v e d
i n  benzene  (Bo o#c*)
A (52 g»)
,Cf ,0
^9 i n  c h lo r o f o rm
( 1 = 2 ;  -0 * 1 *2 5 )
\   .
. B (26 g  *) m*pv 100°
P - 2 0 °°V ' 3 o
A.
6 (21 g . )  F i l t r a t e
H
2 o ° 2p *8,0
\
B ( l 6  g#)
2 0 °  _
5I40I
\______j
E (12 g * 5
I n a c t i v e  i n  
c h lo ro fo rm *
F i l t r a t e
 (
F i l t r a t e
F i l t r a t e  e v a p o r a t e d  
t o  s m a l l  b u lk  (20 c • c •)
P i  I t F i l t r a t e ,
A sam ple  was 
e v a p o r a t e d  t o  
d ry n e s s  and  d f i e d  
i n  \?acuo* I t  
gave s u lp h o x id e  
w i th
2 0®
C«0 . -  77°
5^61 
i n  c h lo r o f o r m .
F i l t r a t e *
A l l  t h e  f i l t r a t e s  
were c o l l e c t e d ,  
e v a p o r a t e d  t o  
s m a l l  b u lk  and  
c o o le d *
I
A2 (6*5 g*)
■v.> k° F i l t r a t e  « E v a p o ra te d  t o  
h a l f  b u lk *
I
rz  - - - —- - - - 1
AJ ($*55 E*) F i l t r a t e *
I n a c t i v e  i n  E v a p o r a te d  t o
lie
c h lo r o f o rm d r y n e s s ,  d r i e d  
i n  vacuo*  I t  
gave s u lp h o x id e  
(0*5 g*) w i th
r ->2 o °
M 170*
i n  c h lo ro fo rm
The r e s  id u e  from  t h e  f 11t r a t e  w ou ld  n o t  c ry s  t a 11 i s e
f u r t h e r  from  b e n z e n e .  •
p h e n y l e t h y l  amine ( 2 .0  g * 3 was d i s s o l v e d  i n  w a t e r  (100 c . c . )  ij
and  e v a p o r a t e d  t o  s m a l l  "bulk* As no c r y s t a l s  s e p a r a t e d  j
th e  w a t e r  was rem oved i n  v acuo  and  th e  s a l t  was d i s s o l v e d  ;
in  a l c o h o l .  On a d d i t i o n  o f  a c e to n e  th e  s a l t  was
p r e c i p i t a t e d  and  f i l t e r e d  o f f .  I t  was d r i e d  i n  a vacuum
d e s i c c a t o r  and  h a d  "'(VI 2°° J l8 ° i n alcohol (1 = 2 ;  s = 1 .25)1
J 5U6l ~
a n d  w e ig h ed  2 .1  g .  U n f o r t u n a t e l y  t h e  s a l t  p ro v e d
t o  foe y e r ^  h y g r o s c o p ic  so  t h a t  f u r t h e r  w ork  a lo n g  t h e s e  
l i n e s  was abandoned*  ‘
( £ \  Bv means o f  q u i n i n e ,  m orph ine  and c i n c h o n i n e .  ho 
c r y s t a l l i n e  s a l t  o f  d l - m - c a r b o x y p h e n y l  e t h y l  s u lp h o x id e  
w i t h  m o rp h in e , q u in in e  o r  c i n c h o n i n e ,  c o u ld  be o b t a i n e d  
fro m  a n y  s o l v e n t .
The R e s o l u t i o n  o f  d 1-m-G a rb o x y p h e n y l  e t h y l  s u lp h o x id e  (c o n t d .} 
(g )  By means o f  q u l n i d i n e  « A. m ix tu re  o f  d l - m - c a r b o x y -  
p h e |sy l  e t h y l  s u lp h o x id e  ( 1J g*) and  q u l n i d i n e  {25 g* 5 was 
d i s s o l v e d  i n  h o t  a c e to n e  (150  c . c . )  b u t  no c r y s t a l s  fo rm ed  
on c o o l i n g .  Most o f  t h e  a c e to n e  was rem oved  by  d i s t i l l a t i o n   ^
and  th e  r e s i d u e  was d i s s o l v e d  i n  h o t  b e n ze n e  (1 5 0  c # c * ) .
The c r y s t a l s  o f  t h e  q u l n i d i n e  s a l t  ( a b o u t  6 g . )  o b t a i n e d  on 
c o o l in g  th e  s o l u t i o n  w ere  f i l t e r e d  o f f ;  t h e  f i l t r a t e  was 
c o n c e n t r a t e d  t o  h a l f  b u l k  a n d  a l lo w e d  t o  s t a n d ,  when a 
f u r t h e r  c ro p  o f  c r y s t a l s  ( a b o u t  lij. g . )  s e p a r a t e d .  The 
c r y s t a l s  w ere r e  c r y s t a l l i s e d  from  b en ze n e  t o  w h ie h  a few 
d ro p s  o f  a l c o h o l  h a d  b e e n  a d d e d .  The c o u r s e  o f  t h e  
f r a c t i o n a l  c r y s t a l l i s a t i o n  and th e  r e s u l t s  o b t a i n e d  a re  
shown i n  th e  f o l l o w i n g  c h a r t ; -
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d l-m -C arbox^rpheny l e t h j l  .su lp h o x id e  (15 g . )  +■ q u l n i d i n e  
""(25 S*) 3-n  "bensene ■ ( I 5 0  c . c . )
A (6  g . )
m.p*
20 °H -l-IJO0 in  ch lo ro fo rm .cte£i5ft6 l
(1  * 2 j  0 ■ 1 . 2 5 ) .
F i l t r a t e .
Sample decom p osed . : ■ 
S u lp h Q x id e 0 o b t a i n e d  (1  g . )  
w i t h  r r i ^ 0 + 3 0 °  i n  
1 J 3h S i  
c h lo r o f o r m .
( 1 * 2 *  0 -  1 . 2 5 ) .
B (4 S O
m .p .  idli
O0 °
(V p +
L J 5k 6l
o
A
0 , ( 2  g . )
ra * p • 19 6°
m 2 o °  + 121°
L J 5)461
F i l t r a t e ,  ^ a r e m a in d e r  was
Decom posed. c o n c e n t r a t e d  and
S u lp h o x id e  a l lo w e d  t o  s t a n d ,
o b t a i n e d  ,
(Q *3k  g * w i th  
r n 2 0 °  7Ao
■M 30 I ■
| f w i w i ^ w n n  limn  .......   .1 n mm,.-, mi . ; nan ■hum i
A.1 ( 1I4 g , )
1
F i l t r a t e .
W  5k S i + l6 h
D (1  g i )
m .p .  196 . -  199°
F i l t r a t e .
o
B {I4.5 g*} F i l t r a t e .
F i l t r a t e .  m .p .
m  2 0 ° +123
»• nil An
P250
M 2 0 °  + 1060 
l J 5U6i A.
0 * (3*2 g . )  F i l t r a t e  
m .p .  198 ci- l 99 0
2 0 °  nM  h  + 103°L J5I461 '
o '  (3*9 g . )  „
m .p .  198°  -  1990
2 0 °all -F1020
5lr6 l  ;
F i l t x ’a t e
S (5*5 8*) F i l t r a t e
m .p .  198* -  1990 
20 °
rw i + 1 0 2 °
L J  5U6 i
Decomposed*
S u lp h o x id e  o b t a i n e d  (0 .7 6 5  g . )  
D r ie d  i n  vacuum fox'* 3 d a y s «
nr O ■ ' ' r\ r* O . nr O
( I )  m -O arboxypheny l e t h y l  s u l p h i d e  d lb ro m id e  was p r e p a r e d
by th e  a c t i o n  o f  d ry  h y d ro g en  brom ide on d -t- d l - m - c a r b o x y -
p h e n y l  e t h y l  s u lp h o x id e  { ^  + I4G0 } i n  d r y  c h lo ro f o r m
^1
s o l u t i o n *  . The y e l l o w i s h  r e d  c r y s t a l s  w h ic h  s e p a r a t e d  h ad  
m*p« 102° ;  0*5 g* made u p  t o  2 0  c * c . e i t h e r  w ith  a l c o h o l  
or a c e to n e  gave s o l u t i o n s  w h ich  w ere i n a c t i v e *
( I I )  B r y  h y d ro b ro m ic  a c i d  was p a s s e d  i n t o  a c h lo r o fo r m
s o l u t i o n  o f . d - ra -c a rb o x y p h e n y l  e t h y l  s u lo h o x ld e  [©0 ^ 5°  + 2 5 6 °  
■; r  - ' 5U6l
p h o sp h o ru s  p e n t  o x id e  b e in g  a d d e d - t o  remove th e  water, fo rm ed
d u r i n g  th e  r e a c t i o n * . .  The c a rb o x y p h e n y l  e t h y l  s u l p h i d e
d lb ro m id e  t h u s  fo rm ed h ad  m |p .  9T °J 0*5 .g« made u p  t o  2 0 c . c .
w i t h  a l c o h o l  gave a s o l u t i o n  w h ic h  was i n a c t i v e  i n  a 2 d*m*
tu b e  t o  l i g h t  o f  X  \
( X I I ) 'm -G arb o x y p h en y l  e t h y l  s u l p h i d e  d lb ro m id e  was a l s o  
p r e p a r e d  by th e  dix>ect a c t i o n  o f  b ro m ine  on e t h y l t h i o l -  
b e n z o ic  a c i d  d i s s o l v e d  i n  c a r b o n  b i s u l p h i d e  I t  h ad  
m#p*lG2 °*
m -O arboxypheny l e t h y l  s u l p h i d e  d ib ro m id e  fo rm ed  y e l l o w i s h  
r e d  c r y s t a l s  h a v in g  ra-*p* 102° w hich-w ere s o l u b l e  i n  m ost 
o r g a n ic  s o l v e n t s  * U n l ik e  th e  c o r r e s p o n d in g  s u l p h i d e  and 
su lp h o x id e * .'th e  d lb ro m id e  was s o l u b l e  I n  e t h e r *
A s e r i e s  o f  ex p erim en ts w i t h  m-c a rb o x y p h e n y l  e t h y l  
s u l p h i d e  d lb ro m id e  w ere c o n d u c te d  o v e r  a  p e r i o d  o f  two 
m onths t o  show t h a t  t h i s  s u b s ta n c e  l o s t  b rom ine  t o  th e  a i r
d i s s o l v e d  i n  e x c e s s  o f  2  H. sodium  h y d r o x id e  s o l u t i o n  was 
h e a t e d  on a  s te a m  h a t h  f o r  h a l f  an  h o u r .  A f t e r  c o o l in g *  
e x c e s s  o f  2 B# n i t r i c  a c i d  was a d d ed  and  t h e  m -ca rbox yph en y l-  
e t h y l  s u l p h i d e  (G*2if. g . )  m .p .  100° ,  w h ic h  was p r e c i p i t a t e d *  
was rem oved by f i l t r a t i o n *  The brom ine i n  t h e  f i l t r a t e  
was e s t i m a t e d  by  ¥ o l h a r d r s m ethod*
F ou n d ; B r . ,  1|5 *0/S*
r e q  U r e s - {46*8^.
(b )  m ^ c a rb o x y p h en y l  e t h y l  s u lp h id e  d ib ro m id e  (0 .2 7 3 0  g . )  
d i s s o l v e d  i n  e t h y l  a l c o h o l  ■, (20  c*e*) was h e a t e d  u n d e r  
r e f l u x  on a- s team  b a t h  and  sod ium  (2 *p g*} was ad ded  a t  
i n t e r v a l s  f o r  h a l f  an h o u r .  The s o l u t i o t i  was b o i l e d  f o r  
one h o u r ,  coo led*  d i l u t e d  w i t h  w a te r  (20  c*g*) and  th e  
a l c o h o l  d i s t i l l e d  o f f *  A f t e r  c o o l in g *  e x c e s s  o f  2 B* 
n i t r i c  a c i d  was ad d ed  and  th e  b rom ine  was d e te r m in e d  by  
V o l h a r d ’s m ethod (S te p an o w * B e r . ,  19 o 6 ,  ^ 2,, I4056} * Ho 
p r e c i p i t a t e  o f  m ^ c a rb o x y p h e n y l  e t h y l  s u l p h i d e  was o b t a i n e d  
b u t  a s t r o n g  o d o u r  o f  m erc& ptan was n o t i c e a b l e .
P ou nd ; -B r.*  Il5
GnH-.^SG B r ._  r e q u i r e s  Br* • , . .
7 10 2 2
The m ethod  o f  S tepanow  may be u s e d  t o  e s t i m a t e  
th e  h a lo g e n  i n  a  h a l o g e n a t e d  n u c le u s  5 b u t - i t  i s  n o t  
p r o b a b le  t h a t  b ro m ine  w ould  be rem oved  f ro m  a b ro m in a te d  
n u c le u s  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  em ployed  In  (1 )
( a ) .  Hence as  t h e  r e s u l t  o f  e x p e r im e n ts  ( 1 ) ( a )  and  (b )  
a g r e e ,  i t  m ust be c o n c lu d e d  t h a t  t h e  b ro m in e  a tom s a r e
'  ■
a t t a c h e d  t o  th e  s u l p h u r  a to m .
S i m i l a r  e x p e r im e n ts  w ere  p e r fo rm e d  a t  i n t e r v a l s
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( a )  Found; Br* 37*9 %•
(b ) t? B r, 3& .1 %* ■
(3 )  II4 days la te r* ;
( a )  Found; B r ,  2 8 * 0  %*
(b )  tt B r ,  2 8 .2  %.
( i |)  3 weeks l a t e r ;
( a )  F oun d ; B r ,  17*2 %*
(b> * • B r ,  17*5 %.
( 5 ) >  weeks l a t e r ;
( a )  Found; B r ,  15*3 %*
(Td) b B r ,  1 5 . 6  'r .
F i n a l l y ,  a sam ple  was l e f t  i n  a s m a l l  f l a s k  
c o v e re d  w ith , a f i l t e r  paper*  The b rom ine  e v o lv e d  
d e s t r o y e d  th e  f i l t e r  p a p e r ,  m o is t  a i r  e n t e r e d  a n d  t h e  
s u b s ta n c e  l o s t  i t s  r e d  c o lo u r  and  became h y g ro s c o p ic *
d l*m »Ca.rboxyphenyle t h v l s u l p h i n e  - p ~ t o l u e n e  s u lp h o n y l tm in e  ♦
To a s o l u t i o n  o f  m -m e th y i th io lb e n E O ic  a c i d  
(1 1 0  g*)' i n  warm a l c o h o l  (558  c *c •) made j u s t  a l k a l i n e  
b y  th e  a d d i t i o n  o f  3 N« sodium  h y d ro x id e , ,  c h lo ra m in e ~ T  
(197 gJ 1*1 m o l s .} In  warm w a te r  (550  c *c*8 was ad d ed  
and  th e  m ix tu r e  h e a t e d  on a  s te a m  b a th  f o r  two h o u r s .
D i l u t e  h y d r o c h l o r i c  a c i d  was added  t o  th e  r e s u l t i n g  
s o l u t i o n  a f t e r  c o o l i n g  and  d l~ m ~ c a r b o x y p h e n y le th y ls u lp h in e ~  
d- t o lu e n e s u lp h o n y l i m in e  th e n  s e p a r a t e d ,  m.o* 1S470 *
Y ield  100 g .  (50^ ) -
By r e c r y s t a l l i s a t i o n  from  aq u eo u s  e t h y l  a l c o h o l  
i t  was o b t a i n e d  a s  s m a l l  n e e d l e s  m*p* lU9°»
(Founds C, 5I4.85 H, 1+-8 ; N, 5 *9 } S ,  18 . OJ CigHiyO^NSg 
r e q u i r e s  c ,  5U*7» ■ H, 34-85 H, l^.O; a ,  1 8 . 2 fa.
The 'R e s o lu t io n  o f  d l~ m -C a rb o x y p h e n y ls u lp h in e ~ p- t o l u e n e -
Sulphonyltrain  e *
( a )  By means o f  b r u c i n e *
To d l - m - c a r b o a y p h e n y l e t h y I s u l p h i n e - ^ - t o l u e n e *  
s u lp h o n y l im in e  {I45 g«) ha a c e to n e  {IpO e*e*} a n d  a l i t t l e  
e t h y l  a l c o h o l ,  b r u c in e  (55  £*) was a d d e d ,  and th e  m ix tu re  
was warmed u n t i l  a  s o l u t i o n  was c o m p le te .  A f t e r  c o o l i n g ,  
th e  b r u c i n e  s a l t  (nwp* l 6 o °  ~ l 6 l ° > - w h ic h  c r y s t a l l i s e d  
^  was. rem oved  b y •f i l t r a t i o n  and  r e  c r y s t a l l i s e d ,  f ro m  f o u r
s u c c e s s i v e ' q u a n t i t i e s  (a b o u t  IpO e* c * i n  e a c h  c a s e )  o f  
a c e to n e ,  and  a l c o h o l  u n t i l  c o n s ta n c y  o f  r o t a t o r y .power 
was re a c h e d *  The c o u rs e  o f  t h e  c r y s t a l l i s a t i o n  i s  shown 
i n  th e  accompanying, c h a r t*  1- B ru c in e  ll-m- c a r  boxy  pheny 1-  
e t h y l s u I p h i n o - u - t o l u e n e s u I p h o n y l i m i n e  h a d  m.p* l 6l °  and 
(V \ ** 157° I (VI ** 2 8 7 °  i n  e t h y l  a l c o h o l*
L J  5H61 ■ L J f e 5;
. (1 & 2 ; a  ■» 1*100) *
: The o p t i c a l l y  pur© s a l t ,  d i s s o l v e d  i n  warm e t h y l
a l c o h o l ,  was a d d e d  t o  d i l u t e  h y d r o c h l o r i c  a c id *  A f t e r  1 
1^8 h o u r s ,  ’ th e  d l -m ^ e a rb o x y p h e n y le th y lsu lp h in e - jo - to lu e n e - -*  
s u lp h o n y l im in e  had  s e p a r a te d . - c o m p le te ly *  I t  c i ^ y s t a i l i s e d
f ro m  aqueous a l c o h o l  i n  p r i s m a t i c  n e e d l e s ,  m*p* 11$ °  ~ I 5 0 0 
I t s  s p e c i f i c  r o t a t o r y . p o w e r s  in  v a r i o u s  s o l v e n t s  i s  
r e c o r d e d  i n  T ab le  I I  (p* 19). A l l  d e t e r m i n a t i o n s  o f  
t h e  r o t a t o r y  pow ers o f  t h e  s u l p h i l i m i n e  a n d  o f  th e  b r u c i n e  
s a l t  t o  a s c e r t a i n  t h e  c o u r s e  o f  t h e  r e s o l u t i o n  w ere made 
rpv i n © th y l  a l c o h o l i c  s o l u t i o n  a t  2 0 °  {<5 * 2*55 I  a  2 )*
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V~VO f ' '
Jl- >
(20 g*) +■Brucine (2 3  g«) d is s o lv e d  in  ace tone 
c*e*) c o n ta in in g  a l i t t l e  e th y l  a l c o h o l .
A
m*p* loQ o l 6 l o
D isso lv ed  in  
a lc o h o l  and 
acetone *
F i l t r a t e  (60  c *c •) 
S u l p h i l i m i n e  o b t a i n e d
(6 .8  g . ) ,  m.p.  1I4B0 -  IU90 , 
w i t h  r n 2 o °  ^  -,0
5I461
1
B
1
m p# i € k °  -  2.65CcO
D isso lv ed  in  
a lc o h o l  a lo n e .
A___
F i l t r a t e  (100  c . e * )  
S u l p h i l i m i n e  o b t a i n e d  
(2*2 g * ) ,  m.p* II480 ~ l k 9°t
w i t h  f ^ Z° °  + 1 2 2 °
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(2) d l  ~m~ Car boxypheny le  th y ls u  1 p h i n e t oluenesu  1 phonylimine 
"”(29*5 S*) ^  Brucine {33  g . )  d is s o lv e d  in  acetone 
c o n ta in in g  a l i t t l e  e th y l  a lc o h o l .
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c r y s t a l l i s a t i o n  o f  t h e  b r u c in e  s a l t  o f  d f -m - c a r  b oxypheny  1-  
« t h y lsu lp h in e-j> * t o lu e n e s u lp h o n y l im in e  (A and  A1 f i l t r a t e s )  
was added t o  d i l u t e  h y d r o c h l o r i c  a c i d ,  and  th e  a c e to n e  
rem oved  b y  th e  p a s s a g e  o f  a i r *  The d +  d l - r a - c a rb o x y p h e n y l -
e th y l s u I p h in e - ] > - tQ lu e n e s u ip h o n y l in i in e  ( 17*8 g .  w i t h
W 2 0 °  +  2 li2 *6 ° i n  e t h y l  a l c o h o l )  w h ich  was p r e c i p i t a t e d
*■ 5^61
was d i s s o l v e d  i n  e t h y l  a l c o h o l  (5 0 0  c . c * }  and t o  th e  warm 
s o l u t i o n  o b t a i n e d ,  e in c h o n id i n e  ( 1I4*9 B *) was added*
A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  c in c h o n id i n e  s a l t ,  m .p. 175°  ~ 
I7I40 , was rem oved b y  f i l t r a t i o n  and  r e p e a t e d l y  c r y s t a l l i s e d  
f ro m  th e  minimum o f  e t h y l  a l c o h o l  ( a b o u t  l o o  c . c . )  u n t i l  
i t s  r o t a t o r y  power r e m a in e d  u n ch an g ed  on f u r t h e r  r e  c r y s t a l l i s a ­
t i o n *  The 1- c in c h o n id in e  d~m ~carboxypheny l e t h y l s u l p h i n e - j o -
to lu e n e s u lp h o n y l i m in e  t h u s  o b t a i n e d  had  m. p* I 9 8 0 -  19 9°  and  
0 ]  + 50° i n  c h lo r o f o rm  s o l u t i o n  ( £  » 1 *050 |
1 s  2 ) .  On d e c o m p o s i t io n  a s  p r e v i o u s l y  d e s c r i b e d  i t  gave 
ct + carb o x y p h e n y le th y l* -£ -  to lu e n e  s u lp h o n y l im in e  m .p*
A ? 0 - 150° (VJ 5i46l+  in  e th y l a lc o h o l ( 1 * 2 ;
c  a 2 .0 7 0 0 ) •
To th e  & + ^ - j n - e a x h o x y p h e n y l e t h y l s u l p h i n e - i J -  
t a l u e n e s u l p h o n y i im i n e  ( p .2 g . )  i n  a l c o h o l  (20  e * c * ) ,  
s t r y c h n i n e  (5*0  g* )  was ad d ed  a n d  t h e  m ix tu r e  was warmed 
u n t i l  s o l u t i o n  was c o m p le te .  A f t e r  c o o l i n g ,  th e  s t r y c h n i n e  
s a l t  (m .p* 1 6 5 ° )  w h ich  c r y s t a l l i s e d ,  was removed and  r e -  
c r y s t a l l i s e d  f ro m  a l c o h o l  u n t i l  i t s  r o t a t o r y  power r e m a in e d  
u n c h a n g e d  on f u r t h e r  r e  c r y s t a l l i s a t i o n *  The 1- s t r y c h n i n e  
d-m -c a r b o x y p h e n y le th y l s u I p h in e  ~ £ - to l u e n e s u lp h o n y l i m i n e  th u s  
o b t a i n e d  h a d  ra.p* iflt-0 a n d  r  -  2 0 °  , , ^ 0
i n  e t h y l
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(VI 5 +5250 , . 0*3 + 575° . [dJ + 689° in
>  5?9o 5^61 , L 1059
e t h y l  a l c o h o l  {e ss £*51425? 1  R 2 ) .
A l l  d e t e r m i n a t i o n s : ; o f  th e  r o t a t o r y  pow ers o f  \ -/-d 
t h e  s u l p h i l i m i n e  a n d  o f  th e  c in c h o n id i n e  s a l t s  t o  a s c e r t a i n  
t h e  c o u rs e  o f  t h e  r e s o l u t i o n  w ere made i n  e t h y l  a l c o h o l i c
V*** * . -Wl to  luene su l phony limine ( Y[  # 8 g *},
d i s s o l v e d  i n  e t h y l  a l c o h o l .
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{6  g . ) ' w i t h  c o n o e n tra te d  h y d r o c h lo r ic  a c id  (IQ c . c . )  on a 
steam  b ath  f o r  f i v e  m inu tes was n e u t r a l i s e d  “by sodium  
carb on ate  .a n d 'th e  j5 -to lu en esu lp h on am id e  {2*5 g*» m .p . I 580 ) 
p r e c ip i t a t e d ,  removed by f i l t r a t i o n *  The f i l t r a t e  was 
a c i d i f i e d  and th e  m -e th y lth io lb e n z o ic  a c id  (1*0  g . ,  m .p . 9 9 ° )  
l ib e r a t e d  was rem oved by f i l t r a t i o n  and x5e c r y s t a l l i s e d  from  
aqueous a lc o h o l*  ih e  m -ea r b o x y p h e n y le th y lsu lp h o x ld e  
rem a in in g  in  the s o lu t io n  was e x tr a c t e d  f i v e  tim es w ith  
ch loro form  and th e  ch loro form  rem oved by d i s t i l l a t i o n .
The su lp h o x id e  h a d  m .p .  102°  -  I0I40 an d  w eigh ed  1*0 gm.
0*5 g * made up t o  20  c .c *  in  ch loroform  was in a c t iv e  in  
a two d e c im e tre  tub e in  l i g h t  o f  wave le n g th  A  5^61  *
The t o t a l  y i e l d  o f  h y d r o ly t ic  p rod u cts was 75a*
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A m ixtu re  o f  th e  a l - s u lp h i l im in e  {1^  g.) and, 
hydrogen, p ero x id e  {M erck's P erh yd ro l) {35 c . c . )  was h e a te d . , 
on a steam  bath  w ith, o c c a s io n a l  sh a k in g , and gave  a c le a r  
s o lu t io n  in  f i f t e e n  m in u te s . The c r y s t a l l i n e  m a te r ia l  
(3  E* m.p. in d e f in i to )w h ic h  se p a r a te d  on c o o lin g ,'w a s  
c r y s t a l l i s e d  from  a sm a ll b u lk  o f  e t h y l  a l c o h o l ,  g l i s t e n in g  
l e a f l e t s  {1 .5  g . )  o f  m -ca rb o x y p h en y le th y lsu lp h o n e  (m.p*
I 620 -  b e in g  o b ta in e d . A fte r  d i l u t i o n  th e  f i l t r a t e
y ie ld e d  a secon d  crop o f  c r y s t a l s  (0*5 g * ) w h ich  proved  
t o  be j)-to lu en esu lp h o n a m id e , m .p . I 5 8 0 .
£ - T o lu e n e s u lp h o n y lc h lQ r id e  0 GG g* )  was ad d ed  
t o  a  s o l u t i o n  o f  c r y s t a l l i n e  sod ium  s u l p h i t e  {860 g« ) i n  
w a t e r  (1500  c . c . )  and  th e  m ix tu r e  was s t i r r a d  f o r  1I4 h o u r s ,  
d u r i n g  w h ic h  tim e  i t  was m a i n t a i n e d  a l k a l i n e  b y  t h e  
a d d i t i o n  o f  a s t r o n g  s o l u t i o n  o f  c a u s t i c  s o d a .  fJhen th e  
r e d u c t i o n  was c o m p le te  c r y s t a l s  o f  t h e  so d iu m  s a l t  o f  £ -  
t o l u e n e s u l p h i n i e  a c i d  s e p a r a t e d  an d  w e re  f i l t e r e d  o f f  and 
r e  c r y s t a l l i s e d  from  w a t e r .  The f i l t r a t e  from  t h e  f i r s t  
f i l t r a t i o n  was a c i d i f i e d ,  th e  a c i d  f i l t e r e d  o f f  and  con­
v e r t e d  i n t o  t h e  sodium  s a l t ,  w h ic h  was r e  c r y s t a l l i s e d .
The t o t a l  y i e l d  o f  sod ium  £ - t o l u e n e s u l p h i n a t e  was 176 g .
The a c i d  was o b t a i n e d ,  a s  r e q u i r e d ,  f ro m  th e  aq ueou s  
s o l u t i o n  o f  t h e  sod ium  s a l t  by  t h e  a d d i t i o n  t o  i t  o f  
h y d r o c h l o r i c  a c i d .  I t  w a s . ; p a r t l y  d r i e d  on a  p o ro u s  p l a t e  f
and  c o m p le te ly  d r i e d  by  b e in g  l e f t  i n  a vacuum d e s i c c a t o r  
c o n t a i n i n g  c a lc iu m  c h l o r i d e  f o r  a  few days  .
The Ere p a ra  t  io n  o f  p - t o lu e n e s  u l p h i n y l  c h l o r i d e  (B er 1908 , ij
' i l l ,  1+1x3; H i l d i t c h ,  J - ,  1 9 1 0 .  9 7 ,  2 5 b 5 ) .
■ m & m  . -  ■ ■ )
F are  t h i o n y l  c h l o r i d e  (k% g* )  was d i s s o l v e d  i n  
d r y  e t h e r  (50 c . c * )  and  f i n e l y  pow dered  d r y  £ - to lu e n e  -  
s u l p h i n i c  a c i d  {52 g . )  "was ad d ed  g r a d u a l l y  w i t h  s h a k i n g .  '
When a l l  t h e  a c i d  had d i s s o l v e d ,  t h e  m ix tu r e  was c a r e f u l l y  *
warmed on a  w a t e r - b a t h  t i l l  t h e r e  was n o  f u r t h e r  e v o l u t i o n
o f  g a s  and  u n t i l  t h e  warm m ix tu r e  r e m a in e d  warm a f t e r
 ........ ----------— — -— '— r " r" " 1   — -----------
The t h i o n y l  c h l o r i d e  was w a t e r - w h i t e  i n  a p p e a r a n c e ,  |
h a v i n g  been  d i s t i l l e d  s u c c e s s i v e l y  f ro m  q u i n o l i n e ,  l i n s e e d  ■
o i l  and  beesw ax (Mever a n d S c h l e g e l . ■ M o n a tsh .  1913* 2k» 5 6 9 ) .  ;
w a s  d i s s o l v e d  i n  l i g h t  p e tro le u m *  The s o l u t i o n  t h u s  
o b t a i n e d  was f i l t e r e d  f ro m  th e  s m a l l  q u a n t i t y  o f  w h i t e  
s o l i d  w h ich  s e p a r a t e d  and  s u b j e c t e d  t o  a vacuum a t  
o r d i n a r y  t e m p e r a tu r e  f o r  f i v e  o r  s i x  h o u r s  t o  remove th e  
p e t r o le u m  a n d  any  r e s i d u a l  t h i o n y l  c h l o r i d e .  The jo- 
t o lu e n e  s u l p h i n y l  c h l o r i d e  r e m a in e d  a s  a  yellow? o i l *  One 
sam p le  was b l u e ,  c h a n g in g  t o  g re e n  on t h e  a d d i t i o n  o f  e t h e r *
The P re p a ra t io n  of Met h y l - p - t  o lu e n esu lp h ln a  t e .
]>*T oluene s u l p h i n y l  c h l o r i d e  (172 g*} i n  e t h e r  
*{100 c . e * )  was a d d e d  t o  a m ix tu re  o f  m e th y l  a l c o h o l  (32 g . )  
and  e t h e r  (300 c . c * )  c o v e r in g  f r e s h l y  d e s i c c a t e d  and  
f i n e l y  g ro u n d  p o ta s s iu m  c a r b o n a te  (207 £ * ) •  C arbon 
d io x id e  was e v o lv e d  and  t h e  r e a c t a n t s  w ere  a l l o w e d  t o  
r e m a in  i n  c o n t a c t ,  w i t h  i n t e r m i t t e n t  s t i r r i n g ,  f o r  6 days*  
W ater was th e n  a d d e d ,  th e  m ix tu r e  s t i r r e d ,  and th e  e t h e r e a l  
l a y e r  s e p a r a t e d ,  r e p e a t e d l y  w ashed  w i t h  w a t e r  and  f i n a l l y  
d r i e d  o v e r  p o ta s s iu m  c a r b o n a t e .  The e t h e r e a l  e x t r a c t  was 
d e c a n te d  on  t o  an h y d ro u s  sodium  s u l p h a t e  a n d  f i l t e r e d .
On th e  remo\T&l o f  e t h e r , t h e  c ru d e  m e th y l  p-1  o lu e  ne s u  Ip h  i n  a t e  
(5 0  g>) was o b t a i n e d ,  w h ic h  when d i s t i l l e d ,  u s i n g  a  m e rc u ry  
v a p o u r  pump, gave  a  c o l o u r l e s s  d i s t i l l a t e  (1*0 g . )  and  
l e f t  a  b l a c k  t a r r y  r e s i d u e . The c o l o u r l e s s  d i s t i l l a t e  
was r e d i s t i l l e d  a t  12 mm* and gave a  p r o d u c t  w i t h  b * p .
130*5°  -  l p l * 5 ° / ^ 2  mm* w h ich  h a d  n  ^ 5  «- I .5 I4 0 5 .
A P l e u s s  pump, b a c k in g  a L angm uir m e rc u ry -v a p o u r  pump, 
was u s e d  t o  o b t a i n  a  p r e s s u r e  l e s s  th a n  0*1 mm. A d i s ­
c h a rg e  tu b e  was u s e d  a s  a  r o u g h  g a u g e .
Experim ent'on the changes in d e n s ity  and r e fr a c t iv e  index
o f  m e t h v l - p - t o l u e n e s u l p h i n a t e  *
One h a t c h  o f  p u re  m e t h y l - n - t o l u e n e s u l p h i n a t e  
was d i s t i l l e d  on 9/ i j / 2 5  and  t h r e e  f r a c t i o n s  A, B, C 
c o l l e c t e d  (See f a b l e  X I I )*
A se c o n d  b a t c h  was d i s t i l l e d  a t  th e  same p r e s s u r e ,  
on 114/^/25 a n d  t h r e e  f r a c t i o n s  A1, Bf a n d  g * c o l l e c t e d ,  a t  
t h e  same t e m p e r a t u r e .
i t  was p ro p o s e d  t o  d e te r m in e  t h e  c h a n g e s ,  i f  
a n y ,  i n  th e  r e f r a c t i v e  in d e x  a n d  d e n s i t y  o f  t h e  above 
sp e c im en s  o v e r  a  p e r i o d  o f  s e v e r a l  m onths*  The r e s u l t s ,  
a s  f a r  a s  th e y  were d e te r m in e d ,  a re  shown on t h e  accom pany­
in g  c h a r t  . - -
U n f o r t u n a t e l y ,  s e v e r e  a t t a c k s  o f  d e r m a t i t i s  
r e s u l t e d  from  t h e  h a n d l i n g  o f  m e th y l - j > « to l u e n e s u l p h i n a t e ,  
ev en  th o u g h  t h e  e x p e r im e n te r  was w e a r in g  r u b b e r  g l o v e s . 
C o n s e q u e n t ly ,  work on t h i s  s u b s ta n c e  h a d  t o  be a b a n d o n e d .
B a t c h ! *
Date R e f r a c t iv e -  
I n d e x  „  2 5 °  
-  D
R em arks D e n s ity
8 A /2 5 1.5i+05 B . p- 130.5*“
I 5I .5712  mm* 
F i r s t  d i s t i l l a ­
t io n  p r o d u c t .
1*1520
9 A A 5 A. I.5I408
B .  1 .559k  
0 . 1.5581
Second d i s t i l l a ­
t io n  p rod u ct 5 
f r a c t i o n s .
P .p . 1 1 /mm*
- ■ .
A . i .5 k o 8 127*- 129°. 1.1511
B* 1 .539k 129 A  130 f 1*1525
c . 1.5381 13 o'*- 132? I.I525
2 3 A /2 5 . A . I .5597  
B* 1.540k
c . 1.5581
2 0 /5 /2 5 A . 1 .5 3 9 0 .
B ,  I.5383. 
G. 1 .5 3 8 2 .
2 7 /5 /2 5 A. 1 . 5 3 8 6 . ,
B .  I .538I. 
c .  1-557U
16/6/25 A .  1.531*2.
B .  1.531*2.
c . 1.55I+2.
*
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In d e x  n  2 5 
D
114/14/25 1 . 5^05 F i n s t  d i s t i l l a ~  
t i o n  p r o d u c t  k e p t  
6 d ay s#
7 p .m .
lk /lt /2 5 S econd  d i s t t l l a * -  
t i o n  5 f r a c t i o n s . 
B* 0* 1 1 /mm,
»
■ A • 1.51+0B 127 12? !
1 -559U .... 1290- 1 3 0 .0 1 .1 5 2 3 .
c ' 1 •^p'o'JL 1 3 0 ^ - 1 5 2 / . I .I 5 2 5 .
1 6 A /2 5 A*
B*
o ’
1 .5I406 
1.5I4014 
1.5581
23 A /25 , *ii
. b'
G1'
1.51+06
1*51+05.
1.5380
2 0 /5 /2 5 A*
B* • 
0*
1.5397
1.5397  
1.5381
■ ■ /
2 7 /5 /2 5  a * 1 .5 5 9 7
and  d i m e t h y l a n i l i n e  (1575 g . J ' w a s  h e a t e d  on a s te a m  b a t h  j
f o r  e i g h t  h o u r s *  The p r o d u c t  was th e n  d i s t i l l e d  In  a  I
c u r r e n t  o f  s te am  t o  rem ove t h e  e x c e s s  d i m e t h y l a n i l i n e  * !
!
"  ' '■ | 
■'The m ix tu re  r e m a in in g  i n  th« f l a s k  was made a l k a l i n e  w i th  • j
so d iu m  h y d r o x i d e , ’ warm ed, and f i l t e r e d *  The c ru d e  i n -  j
s o l u b l e  p r o d u c t  th u s  o b t a i n e d  was d i s s o l v e d  i n  h y d r o c h l o r i c  j
a c i d  and th e  s o l i d  i m p u r i t i e s  were rem oved  by  f i l t r a t i o n .
On a d d i t i o n  o f  sod ium  h y d ro x id e  a  b lu e  s o l i d  was p r e c i p i t a t e d
r \
w h ich  was d i f f i c u l t  t o  p u r i f y *  A t te m p ts  t o  p r e p a r e  and 
p u r i f y  t h e  o x a l a t e ,  t a r t r a t e ,  h y d r o c h l o r i d e ,  and  s u l p h a t e  ]
w ere u n s u c c e s s f u l *  ; The m ost  s a t i s f a c t o r y  m ethod  was fo u n d  j
t o  be a s  f o l l o w s : -  V- j
The su b sta n c e  ' {150 g* ) ana N. h y d r o c h l o r i c  a c i d  (J00 c * c . )  
were g ro u n d  t o g e t h e r  i n  a l a r g e  m o r t a r ,  made u p  t o  500  c . c .  
w i t h  a d d i t i o n a l  a c i d  and  warmed g e n t l y *  The i n s o l u b l e  .j
i m p u r i t i e s  w ere  rem oved  by  f i l t r a t i o n  and  sodium  h y d ro x id e  
was ad d ed  t o  t h e  f i l t r a t e  u n t i l  i t  was a l k a l i n e .  The 
p r e c i p i t a t e  o b t a i n e d  was f i l t e r e d  o f f  and  c r y s t a l l i s e d  
f i r s t  from  a c e t o n e ,  w h ic h  rem oved m o st o f  i t s  b lu e  c o l o u r ,  ! j
and  t h e n  fro m  a l c o h o l  I^-Dimethyl&mino-i^’ - m e t h y ld l p h e n y l  
s u lp h o x id e  was th e n  f i n a l l y  o b t a i n e d  a s  v e r y  p a l e - b l u e  i|
. c r y s t a l s ,  m.p* 195°  ~ 19&°* ' |
y i e l d  125 S* , Found: H, 5*^5 G ^ H ^ .Q B S  r e q u i r e s  W, 5 *U$m I]
I t  was fo u n d  im p o s s ib le  t o  o b t a i n  a  c r y s t a l l i n e  I
■ s a l t  o f  i i - d im e th y la m in o - I i1- m e th y ld ip h e n y l  s u lp h o x id e  e i t h e r  !
w i t h .d - c a m p h o r s u lp h o n ic  a c i d  o r  w i t h  d - t a r t a r i e  a c i d ,
|
^  a l t h o u g h  num erous s o l v e n t s  w ere  em ployed* i
eu
Stage 1 . ;
n - P r o p y l  Bromide *
S p lp h u ^  d i o x i d e  was p a s s e d  I n t o  a  m ix tu r e  o f
c r u s h e d  i c e  (1075 E •)  a n ^ b rom ine  {1QO0 g *) u n t i l  a l l  th e
brom ine  h a d  d i s s o lv e d * "  n - P r o p y l  a l c o h o l  (650  g«) was
a d d e d  t o  t h i s  s o l u t i o n  and th e n  c o n c e n t r a t e d  s u l p h u r i c
a c i d  (1 000  g*) was p o u r e d  i n  g r a d u a l l y  w i t h  s h a k in g ;  t h e
w ho le  b e in g  k e p t  c o o le d  by c ru s h e d  i c e ,  a p p l i e d  e x t e r n a l l y *  
?=$ : . . .
The p r o d u c t  was h e a t e d  u n d e r  r e f l u x  on a s t e a m - b a th  f o r
tw o h o u r s  a n d  th e  u p p e r  l a y e r  o f  n - p r o p y l  brom ide d i s t i l l e d
o f f  d i r e c t l y  f ro m  an  o i l  b a t h  i n t o  a  r e c e i v e r  c o n t a i n i n g
i c e - c o l d  w a te r *  The brom ide was t h e n  s e p a r a t e d  from  th e
w a t e r ,  w ashed  (a )  w i t h  w a te r  (b )  t w i c e - w i t h  c o n c e n t r a t e d
s u l p h u r i c  a c i d  ( e )  tw ic e  w i th  sodium  c a r b o n a t e  s o l u t i o n
(d )  w i t h  w a t e r ,  and f i n a l l y  d r i e d  o v e r  c a lc iu m  c h l o r i d e .
: The c ru d e  p r o d u c t  was d i s t i l l e d  and  th e  f r a c t i o n  b o i l i n g
a t  70°  -  7 3 °  was c o l l e c t e d .  Y i e ld  7 ^ 0  E*
^  S ta g e  2 m
M e th y l-n - p r o n y l p h e n y l c a r b i n o l . . 
n - P r o p y l  b rom id e  ( 1J 0 g« )  was r u n  from  a t a p
f u n n e l  on t o  m agnesium  t u r n i n g s  {2I4 g . ) c o v e re d  w i t h  e t h e r ,
i n  a  f l a s k  c o o le d  by  c r u s h e d  i c e ,  a p p l i e d  e x t e r n a l l y .
I o d in e  (a  t r a c e )  was added  t o  s t a r t  t h e  r e a c t i o n  a n d  th e  
m ix tu r e  was sh a k e n  c o n t i n u o u s l y .  When th e  m agnesium  h a d  
d i s s o l v e d ,  a c e to p h e n o n e  {120 g . )  and  a n  e q u a l  volum e o f  
e t h e r  w e re  ad d ed  and  th e  m ix tu r e  was c o o le d  and  s h a k e n
■0 -
c o n t i n u o u s l y .  The p r o d u c t  was decom posed  by  means o f  
i c e - w a t e r ,  and m e t h y l - n - p r o p y l p h e n y l c a r b i n o l  f i n a l l y
B5
l5
The m e th y l - n - p r o p y lp h e n y l  e a r b i n o l  decom posed 
a t  i t s  b o i l i n g  p o i n t 2 l 6°  a t  o r d i n a r y  p r e s s u r e ,  y i e l d i n g  
- p h e n y l - ^ - a m y le n e  h a v in g  b . p .  8 9 °  ~ 9 0 ° / 16 ran. a n d  1 9 9 ° /  
7 6 0 °  mm*
Stage.. Ll-.
The R e d u c t io n  o f  * a m y le n e «
The u n s a t u r a t e d ,  h y d ro c a rb o n  (120  g . )  and  e t h y l  
a l c o h o l  (120 0  c . c . )  w ere  p l a c e d  in  a  t h r e e  l i t r e . f l a s k  
f i t t e d  w i t h  a r e f l u x  condenser-* G le a n  sod ium  (120  g . )  
was ad d ed  g r a d u a l l y ,  t h e  r e a c t i o n  d e v e lo p in g  s u f f i c i e n t  
h e a t  t o  k e e p  th e  m ix tu r e  b o i l i n g *  When th e  r e a c t i o n  was 
co m p le te  t h e  p ro d u c t  -was c o o l e d # ,  w a ter -  w a s  a d d e d ,  a b o u t  
5 .c .c *  a t  a t im e ,  w i th '  s h a k in g  and th e  w hole  w a s . p o u re d  
I n t o  d i l u t e  a c e t i c  a c i d  {6 *5?}* On d i l u t i n g  t o  s e v e n  
l i t r e s  th e  s a t u r a t e d  h y d ro c a r b o n  s e p a r a t e d  a s  a n  o i l  on 
t h e  s u r f a c e *  I t  was rem oved , th e  aq u eo u s  l a y e r  e x t r a c t e d  
t h r e e  t im e s  w i t h  b e n ze n e  and th e  e x t r a c t s  ad ded  t o  th e  
h y d r o c a rb o n *  The com bined e x t r a c t s  w ere w ashed  w i t h  
w a te r  t o  rem ove a l c o h o l ,  d r i e d  o v e r  c a lc iu m  c h l o r i d e  and 
th e  ben zene  rem oved  b y  d i s t i l l a t i o n *  The c ru d e  p r o d u c t  
r e m a in in g  was f r a c t i o n a l l y  d i s t i l l e d ,  t h e  f r a c t i o n  d i s ­
t i l l i n g  be tw een  19 0°  and  1 9 5 °  b e in g  p u re  me t h y  1 - n - p r  opy 1- 
p h e n y l - m e th a n e . The a b s e n c e  o f  th e  u n s a t u r a t e d  h y d ro ­
c a rb o n  was p ro v ed  by t e s t i n g  w i t h  ( a )  b ro m in e ,  (b ) p o ta s s iu m  
p e rm a n g an a te *
S t age 5 *■
The n i t r a t i o n  o f  Met h v l - n - p r o p y l - o h e n y lm e th a n e .
To d l - m e th y 1- n - p r o p y l - p h e n y lm e th a n e  (7 0  g*) a
was g r a d u a l l y  ad ded  w i t h  c o n s t a n t  s t i r r i n g  d u r in g  two and  
a h a l f  h o u rs#  th e  t e m p e r a tu r e  b e in g  k e p t  be tw een  2 0 °  and 
5 0 °  by means o f  i c e - c o l d  w a te r *  The m ix tu r e  was s t i r r e d  
f o r  one and  a half* h o u rs  a f t e r  a l l  th© a c i d  m ix tu r e  had  
been  a d d e d ;  t h e  p r o d u c t  was d i l u t e d  w i t h  w a te r  and  
coo led #  when th e  n i t ro -c o m p o u n d  was e x t r a c t e d - w i t h  e t h e r .  
The e t h e r e a l  s o l u t i o n  was w ashed  {1 } w i t h  w a t e r ;  {2 } w i t h  
sodium  c a r b o n a te  s o l u t i o n ;  ( J )  w i t h  w a t e r  J  t im e s #  and  
f i n a l l y  d r i e d  o v e r  c a lc iu m  c h l o r i d e .  The p r o d u c t  o b t a i n e d  
on re m o v a l  o f  th e  e t h e r  by  d i s t i l l a t i o n  was f r a c t i o n a l l y  
d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  an d  gave a n  o i l #  b . p .
12o°  -  1 5 0 ° / lT  mm*# which# a f t e r  i t  h a d  been  f i l t e r e d  and  
co o led #  i n  an  i e e ~ s a l t  m ix tu re #  s e t  t o  a y e l lo w  s o l i d  
m*p * 156° 158°* Y ie ld  1*0 *6 .
Stage 6 .
The R e d u c t io n  o f  M e th v l- n - p r o p y l ->p~n i t r o -  
p h e n y l-M e th a n e .
The £ -n i t ro c o m p o u n d  (I40 g«) was r e d u c e d  b y  means 
o f  t i n  (55 g * ) - a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( lH oo e . e  
a t  th e  t e m p e r a tu r e  o f  th e  s t e a m - b a t h .  The u n d i s s o l v e d  
t i n  was f i l t e r e d  o f f#  c a u s t i c  so d a  (100  g . )  i n  aq u eou s  
s o l u t i o n  was ad d ed  a n d  t h e  whole was s u b j e c t e d  t o  
d i s t i l l a t i o n  i n  a c u r r e n t  o f  s t e a m .  The s team  d i s t i l l a t e  
was e x t r a c t e d  w i t h  e t h e r  and  th e  c rude  p ro d u c t#  a f t e r  th e  
re m o v a l  o f  t h e  e t h e r #  was d i s s o l v e d  in  a  h o t  s o l u t i o n  o f  
o x a l i c  a c i d  (10  g . )  a n d  w a te r  (500  c . c . ) .  On c o o l i n g  a  
c r y s t a l l i n e  p r e c i p i t a t e  o f  m e th y 1-  n - p r o p y 1-p -a m in o p h e n y 1 
m ethane# m . p * 159°■ -  l6 o ° #  s e p a r a t e d .  T h is  was added  
t o  a s o l u t i o n  of c a u s t i c  so d a  and  th e  l i b e r a t e d  amine 
e x t r a c t e d  w i t h  e t h e r .  The o i l  o b t a i n e d  a f t e r  t h e  re m o v a l  
o f  th e  e t h e r  was f r a c t i o n a l l y  d i s t i l l e d  and  gave  m e th y l -n -
p ro p y l -£ -a ra in o p h a n y l~ m e th a n e , b * p . 2 5 5 °* Y i e ld  7*0  g-
A ll  a t te m p ts  to  r e s o lv e  t h i s  amine by f r a c t i o n a l  
c r y s t a l l i s a t i o n  of the  s a l t s  i t  formed w ith  e i t h e r  d -  
t a r t a r i c  a c id  or w ith  d-cam phorsulphonic a c id  -'were un -
